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RECENT LLLINOIS WORK ON THE CORN 
ROOT-APHIS AND THE CONTROL 

OF ITS INJURIES 

By STEPHEN A. FORBES, SrarE ENTOMOLOGIST 

The corn root-aphis, or corn root-louse, as it is more commonly 

called, is now the most generally injurious insect pest of the corn field 

in Illinois. Its injuries have been but little checked by all that has been 

done and printed concerning it, and they are evidently increasing slow- 

ly in total effect. There is, in fact, no other corn-feld insect which is 

so frequently called to the attention of the economic entomologist. 

Nevertheless, the corn-root-aphis problem has been practically solved 

—not, perhaps, in the best way possible, or as completely as will be the 

case when time, money, and skilled assistance are all available for fur- 

ther studies and experiments. Undoubtedly, however, if the results 

which have already been established were generally put to use in the 

practice of the Illinois farmer, this aphis would presently lose its place 

at the head of the list of insects affecting corn, and would be classed 

among those which are only occasionally injurious enough to call for 

special notice. 

It is the purpose of this article to set forth the results of our more 

recent investigations and experiments (1907-1910) in all necessary de- 

tail, and to show what they signify and how they apply to the routine 

of corn culture in this state. 

The key to the control of this insect is to be found in its spring 

condition in old corn fields which have been infested by it the. year 

preceding; and in the fact that corn is the only crop-plant upon which 

it lives and multiplies. This is substantially shown by the following 
facts. 

1. The eggs left by the corn root-lice in fall when the insects 

themselves perish, are virtually all in the earth in corn fields. They 

are collected there by the corn-field ant, which keeps them in its un- 

derground burrows until they hatch the following April and May. 

2. As the young root-lice escape from the egg they are placed by 

these ants on the roots of pigeon-grass, smartweed, and other corn- 

field weeds, on which they live by sucking the sap, giving off at the 

same time an abundant fluid excrement which is lapped up by the 

ants as food. 

3. The root-lice hatching from the egg are all females, and pro- 

duce no eggs, but bring forth living young when they themselves are 
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about two weeks old. Their young, in turn, reproduce in the same 

way, one generation succeeding another at shorter intervals as the 

weather warms up, until in midsummer they are only a week apart. 

The average number of complete generations for the season is about 

sixteen in the latitude of central Illinois. 

4. The second generation of this series begins to appear in cen- 

tral Illinois about the first of May, and the oldest of these will begin 

to give birth to the third generation on or before the middle of that 

month. So rapid is the rate of reproduction that by the end of June 

as many as six generations may have made their appearance. 

5. The root-lice of the first generation—those hatching from the 

egg—are all wingless; but beginning with the second generation a vari- 

able percentage of this and of all following generations may acquire 

wings. These winged root-lice, called migrants, may thus begin to 

appear early in May. 
6. By means of these winged insects originating in old corn 

ground, fields not infested the year before may become infested from 

the first week in May onward. Root-aphis injury is thus like a con- 

tagious disease, spreading from field to field on the wings of the es- 

caping migrants. As these fall to the ground they are taken in charge 

by the corn-field ant, which carries them under ground and_ places 

them on the roots of plants, where they begin to feed and to bring 

forth living young precisely as do the wingless ones. The young born 

from winged mothers are wingless or winged, according to circum- 

stances, just as are those whose mothers are themselves without wings. 

7. As the winged lice may begin to come up out of the ground 

and fly away even before corn is planted for the new crop, and will 

continue to do so thruout the season, fields that were not in corn 

the year before may become infested by these winged migrants and 

their voung while the corn is still very small. 

8. The corn-field ant is indispensable to the root-lice, which it 

carries about from place to place as may be necessary, transferring 
them to the roots of fresh plants when those they have been feeding 

upon become sapped or overcrowded. 

9. If an old infested corn field is planted to some other crop than . 

corn, the root-lice living in it feed on the weeds until these are smoth- 

ered out by the new crop-plants. Many of them then acquire wings 

and fly away. and others are eaten by the ants which have them in 

charge. The field is in this wav virtually cleared of them: but the sur- 

vivors are widely dispersed, to infest other fields. 

10. If an old infested corn field is planted to corn, the lice, placed 
at first on the roots of the corn-field weeds, are transferred by the 
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ants to the roots of the corn plants as the weeds in the field are de- 
stroyed by cultivation, and there they continue to multiply the whole 

season thru. 

11. The corn root-louse may live and propagate thru the sea- 

son on a considerable variety of other plants, including several com- 

mon weeds, but on none of them in numbers to make the fact a matter 

of serious economic importance. Injury to corn by root-lice is almost 

wholly due to those which have fed and bred in fields of corn, and not 
to the comparatively scanty stock which lives on other plants. From 

this it appears that if they are generally prevented from getting a start 

in corn fields in spring, their injury to corn will be insignificant. 

12. The root-lice may be most easily destroyed in early spring, 

and a strong check may also be put upon the multiplication of the 

corn-field ants by early plowing of old corn fields to a depth of six or 

seven inches, followed by repeated deep disking as a preparation of the 

ground for corn. This treatment acts by killing and keeping down 

the young weeds on which the root-lice are feeding, and by breaking 

up the burrows of the ants and scattering the eggs and young of the 

root-lice and the eggs and young of the ants themselves thru the dirt 

so thoroly that the ants can not recover their property even if they 

remake their nests. 
13. As corn planted on ground not in that crop the vear before 

may become infested by winged root-lice from neglected fields of last 

year’s corn, anything like a general control of the injury requires a 

general clearing up of old infested fields in spring. So far as possible, 

any such fields should be treated as prescribed under No. 12, both as 

a protection of one’s own corn crop. which is likely to be first and 
most heavily infested, as a rule, by the root-lice of one’s own raising, 

and also as a duty to one’s neighbors, whose crops should not be left 

to suffer injury because of one’s own negligence. 
14. When this program of preventive preparation of old corn 

fields can not be fully carried out, some temporary advantage may 

sometimes be gained in the beginning by planting with the seed sub- 
stances so offensive and repellent to the ants that thev will keep out 

of the hill until these have disappeared. Such substances are oil of 
tansy, tincture of asafetida, oil of sassafras, anise oil, kerosene, oil of 

lemon, and a number of other volatile oils and strorg-smelling sub- 

stances, the vapors from which the corn-field ants can not endure. 

These fluids were formerly used by mixing the seed with them direct, 
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but applied in this way they are likely, under certain weather condi- 

tions, to be injurious to the kernel and to the young plant.’ 

15. While there is no evidence that the corn root-aphis thrives 

hest on comparatively unthrifty plants, as do many other insects, it is 

sure that the corn plant endures the drain of its infestation with less 
injury when the soil is fertile and the corn well cared for. The good 

corn-farmer on a good corn-farm will consequently suffer less from 
this insect, as a rule, than his less careful and less fortunate neighbor. 

16. A frequent rotation of crops, with a short period in corn, is 

a most valuable measure of prevention against root-louse injury, since 

corn following some other crop than corn can only become infested 

by means of root-lice coming into it from outside fields. 

17. The more generally correct practices are followed in any 

neighborhood the less will be the injury done by the root-aphis to 

the fields even of those who pay no attention to it. On the other hand, 
a general neglect of it will give it such opportunities of multiplication 

that it will swarm out of infested fields in numbers to give its attacks 

the character of an epidemic. It is consequently to the interest of 

every one to do his best to establish the correct routine of corn culture 

thruout his neighborhood, as well as to follow it carefully himself. 

18. Finally, to prevent mistakes, the fact should be known that a 

few other kinds of root-lice are likely to infest the roots of corn tem- 

porarily, even when the crop is planted on ground not in corn the year 

before. Certain grass root-lice and clover root-lice may live for a time 

on corn, and may even do some injury in early spring, leaving the 

fields, however, before the summer is over. 

RECENT ARTICLES IN THE OFFICE REPORTS 

My latest articles on the corn root-aphis, giving the results of ex- 

periments in detail, were published in 1908 and 1909 in my Thirteenth 
and l*ourteenth reports. The first of these articles gives an account 

of several field experiments made in 1904 and 1905, with deep plowing 

and repeated disking of infested fields as a preparation of the ground 

for planting; and the second article describes a long series of experi- 

ments made in 1903 and 1906, in the insectary and in the field, with 

various repellent substances applied to the seed at planting with a 

view to excluding the ants and the root-lice from the hills. 

* This statement concerning conditions under which seed-corn may be injured 
by kerosene and other oils is based upon extensive and very careful experi- 
ments made by Dr. J. H. Whitten when he was a graduate student in botany 
at the University of Illinois. The results of these experiments have now been 
published by him in detail in the Bulletin of the Illinois State Laboratory of 
Natural History. Volume X. Article V. 
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In the first article’ it was shown that after the usual plowing and 

harrowing as a preparation for corn, disking three times additional 

and harrowing once had the effect to reduce the number of root-lice 

on the experimental plots 92 per cent, and the number of hills in- 

fested by root-lice 82 per cent; and to reduce the number of ants 92 

per cent and the number of hills infested by ants 64 per cent. It was 

further shown that twice disking reduced the number of root-lice 84 

per cent and the number of hills infested by them 75 per cent, the num- 

ber of ants 65 per cent and the number of hills infested by them 59 

per cent; and that once disking reduced the root-lice and hills infested 

by them 43 per cent and 41 per cent, and the ants and hills infested by 

them 42 per cent and 33 per cent, respectively. All these ratios were 

determined in each case by comparison with check plots in the same 

fields which had received only the usual preparation for corn. 
These facts, taken by themselves, seem thoroly conclusive and 

highly satisfactory. Nevertheless, since corn root-lice, like most in- 

jurious insects, are largely affected by the varying conditions of 

weather, soil, and crop, it was thought necessary to test these conclu- 

sions by repeating and varying the above experiments in a way to ar- 

rive at maximum, minimum, and average benefits under the varying 

phases and practices of Illinois agriculture. It is a part of the purpose 

of this article to give the product of these later experimental studies 

in detail. 

The second article above referred tv.? that published in my Four- 

teenth Report, dealt especially with the effects of the treatment of seed- 

corn with oil of lemon, carbolic acid, formalin, and pure kerosene, 

with the general result that under the conditions of 1906, where seed- 

corn was treated with oil of lemon just before planting in infested 

fields, the yield was increased by 1,159 ear-bearing stalks to the acre, 

while a similar treatment of the seed with carbolic acid increased the 

yield by 945 such stalks. a formalin treatment by 742, and a kerosene 

treatment by 274.8 

Notwithstanding this surprisingly favorable result, there was some 

appearance of injury to the seed by all these substances. The check- 

plot contained more living hills to the 80-rod row than any of the ex- 

perimental plots, the difference being small. however, except in the 

*Field Experiments on the Corn Root-aphis (Aphis maidiradicis Forbes). 
24th Rep. State Ent. Ill., pp. 8-29. See especially the table on p. 29. . 

"Experiments with Repellents against the Corn Root-aphis, 1905 and ‘1906. 
25th Rep. State Ent. Ill., pp. 1-26. 

°25th Rep. State Ent. Ill., p. 21. 
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plot treated with kerosene, the hills in which numbered only 82.5 per 

cent of those in the check. 
The whole operation of this year was regarded as provisional 

only, and, in the language of my report, its conclusions were ‘taken as 

applying exactly only to similar, if not identical, conditions—a similar 

soil similarly prepared, equally infested with the corn root-aphis, and 

subject to similar weather conditions—and with a treatment of seed 

identical with ours in all particulars, including materials of the same 

quality and strength. How far the results here described may be ex- 

pected to apply to a different soil, less heavily, or even much more 

heavily, infested, more thoroly prepared, and planted during either 

a very wet spring or a very dry one, with a less perfect seed, treated 

with slightly different chemicals and compounds, can be learned only 

by repeated and varied experiment.’ As will be seen from later 

studies described in this paper, this cautionary remark has been jus- 

tified by the fact that no equally favorable result has been obtained 

since 1906. 

List OF OPERATIONS HERE REPORTED 

1907 

1. Field experiments with repellents, near Leroy, McLean county, 

in charge of E. O. G. Kelly and J. J. Davis. 

2. Field experiments with repellents by the Bloomington Canning 

Company, near Normal, McLean county, reported by J. A. West. 
3. Laboratory experiments made by J. J. Davis with the effect 

on seed-corn produced by ordinary lemon oil, by lemon oil from which 

the terpenes had been extracted, and by the terpenes themselves. 

1908 

4+. Field experiments near Galesburg, Knox county, supervised by 
J. A. West, but in immediate charge of G. E. Sanders. In these ex- 
periments various repellents were applied to the seed, and the soil was 
variously prepared for planting by plowing to different depths, by 
disking different numbers of times, and by plowing in fall and spring. 
A comparison was also made of infestation and injuries by root-lice 
to a plot of corn on old oats-ground and to corn on old corn-ground. 

1909 

5. Field experiments near Bloomington, McLean county, in joint 
charge of G. E. Sanders and W. P. Flint. This was essentially an ex- 

‘25th Rep. State Ent. Ill. p. 22. 
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periment with different treatments of the soil previous to planting as 

affecting subsequent infestation by ants and aphids. Studies of the 

effects of repeated deep stirring of the soil on the movements of the 

ants under ground were also carried on by continuous observations 

made at night. 

6. Laboratory experiments made by Mr. M. C. Tanquary, at Ur- 

bana, with ants exposed to various repellent substances with a view to 

the selection of those repellents for use which proved to be the most 

repulsive to the ants for the longest time. 

1910 

7. Field experiments near Galesburg, Knox county, made by G. E. 

Sanders and W. P. Flint, with various repellents mixed with fertilizers 

to be dropped with the corn by means of a fertilizer-dropper. Experi- 

ments were also made with the cultivation method varied to include 

heavy rolling of the soil after deep disking as a preparation for the 

planting of corn. 

EFFeEctT OF A WET PLANTING-TIME ON THE ACTION 

OF REPELLENTS 

A better example of the effects of weather upon a root-louse in- 

festation of corn could scarcely have been devised than the contrast 

between the seasons of 1906 and 1907, the former having been a rather 
dry spring with rather high temperatures at our points of observation 

and experiment, and the latter, an unusually wet one in May and 
June, with low average temperatures, especially in April and May. In 

May and June, 1906, both ants and root-lice in the fields we used were 

at their best, while in 1907 the root-lice almost disappeared from the 

worst-infested fields in May. These differences of weather worked an 

even greater difference in the effects produced on these insects by a 

treatment of the seed with repellent substances like oil of lernon and 

kerosene. In the dry spring of 1906, ants and plant-lice were kept out 

of treated hills for a considerable time, to the great advantage of the 

crop, while in the wet spring of 1907 there was most commonly no 

difference between the treated and untreated plots in respect to the 

number of ants and root-lice which they contained. 

A still more important fact was disclosed by a large-scale field ex- 

periment made by the Bloomington Canning Co., to the effect that if 

frequent rains follow upon the planting, heavy damage may be done 

to the seed itself by the oil of lemon or kerosene treatment, altho 

the ants and root-lice may not be appreciably disturbed by these repel- 
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lents. As this last point is especially important, and can be presented 

briefly, it will be first discussed. 

THE BLOOMINGTON CANNING CO. EXPERIMENT 

As a consequence of newspaper statements concerning the valu- 

able effects of our treatment of seed-corn with oil of lemon in 1906, 

one of the farm managers of the Bloomington Canning Co. called at 

my office in the spring of 1907 for personal information and advice. 

Upon a statement of the facts of our experience of the previous year, 

he undertook an experimental planting in one of the company fields 

near Normal, McLean county, the results of which, as given me July 

1, by Mr. P. Whitmer, the president of the canning company, showed 

so serious an injury to the seed by the treatment that I sent to Normal 

one of my most valued assistants, Mr. Jas. A. West, for an investiga- 

tion of the facts and circumstances. The following is his character- 

istically full and careful report, dated July 8, 1907. 

“The Canning Co. field was located three and a half to four miles 

northwest of Bloomington on the east side of the L. E. & W. Railroad. 

It contained sixty acres of quite level land. This field was planted 

June 20, 21, and 22, 1907, by John Zook, with seed of ‘Acme Ever- 

green’ corn—a very early and very tender variety. Under germination 

tests 92 to 94 per cent of the kernels had grown. My information was 

obtained from Andrew Lindblad, the head farmer. He was not in 

the field when it was planted, but he says that John Zook, who did the 

planting, is a perfectly reliable and very intelligent man. 

“Mr. Zook purchased May 17, 1907, of John Frey, a druggist at 

Bloomington, one pound of oil of lemon ($2.50), one gallon of de- 

natured alcohol (85 cents, including the jug), and a ‘four-ounce’ bot- 

tle to be used as a measure. A subsequent test of this bottle showed 

that it actually held six ounces. He mixed the oil and alcohol, June 20, 

by pouring into a pint of the latter nearly all of the oil of lemon and 
shaking the jug. The seed was measured with a half-gallon tin pail, 

and treated, in a galvanized pan, by stirring into each gallon three 

ounces of the alcohol and oil of lemon mixture, enough of the seed be- 

ing treated each time to fill the two planter-boxes, which held two 

gallons each. The boxes were filled alternately with treated and un- 

treated seed, and this process was continued until about forty acres had 
been planted, except that a strip thru the center of the field was 

planted with six boxes full of untreated seed. 

“The unused remainder of the oil was given me; the jug in which 
the oil and alcohol were mixed was seen; the iron pan in which the 
mixing was done was large enough to permit the thoro stirring of 
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the corn; the half-gallon pail used for measuring the seed was tested 

and found to hold just that amount; and the bottle used to 

measure out the mixture, said to have been obtained from the drug- 

gist as a 4-ounce bottle, and identified by Mr. Zook and Mr. and Mrs. 

Lindblad, still retained the odor of the oil. On testing it, I found it to 

be a 6-ounce bottle. The treatment, so far as I can see, was according 

to the prescription except that eighteen ounces of the mixture, instead 

of twelve ounces, was evidently used with each four gallons of corn. 

“The following is an outline of the conditions found in the 

separate plots of treated and untreated corn. 

“Plot No. 1. Twelve rows planted with untreated seed. Four 

hundred hills examined, of which nine were vacant. Average number 

of plants to the hill, 3.19. Thirty-one per cent of the hills were in- 
fested by ants, and root-lice were present in 80 per cent of these, or in 

25 per cent of the whole four hundred. 

“Plot No. 2. Ten rows planted with treated seed. [*our hundred 

hills examined, 112 of which were vacant. Average number of plants 

to the hill, 1.32. Fifty-six per cent of the hills were infested with 

ants, and 72 per cent of these, or 40 per cent of the whole number, 
contained root-lice. 

“Plot No. 3. Twelve rows planted with untreated seed. Four 

hundred hills examined, two vacant. Average number of plants to the 

hill, 3.03. Twenty-seven per cent infested with ants, and 85 per cent 

of these, or 23 per cent of the whole number, by root-lice. 

“Plot No. 4. Twelve rows planted with treated seed. Four hun- 

dred hills examined, 178 vacant. Average number of plants to the 

hill, 1.51. Sixty-one per cent infested with ants, and 84 per cent of 

these, or 51 per cent of the whole number, with root-lice. 

“Plot No. 5. Fourteen rows planted with untreated seed. Four 

hundred hills examined, five vacant. Average number of plants to 

the hill, 3.28. Thirty-five per cent injured by ants, and 81 per cent of 
these, or 28 per cent of the whole number, infested by root-lice. 

“Plot No. 6. Fourteen rows planted with treated seed. Four 

hundred hills, 129 vacant. Average number of plants to the hill, 1.07. 

Fifty per cent infested by ants, and 69 per cent of these, or 34 per cent 

of the whole number, infested by root-lice. 

“Plot No. 7. Fourteen hills planted with untreated seed. Four 

hundred hills, one vacant. Average number of plants to the hill, 3.24. 

Twenty-nine per cent infested with ants, and 74 per cent of these, or 
21 per cent of the whole number, infested by root-lice. 

“Plot No. 8. Fourteen rows planted with treated seed. Places 

for 400 hills, 248 vacant. Average number of plants to the hill, 1.03. 
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Seventy-nine per cent infested by ants, and 91 per cent of these, or 72 

per cent of the whole number, infested by root-lice. 

“Plot No. 9. Two counts in different parts. Forty-eight rows 

planted with untreated seed. Four hundred hills examined, none va- 

cant. Average number of plants to the hill, 3.18. Twenty-seven per 

cent of hills infested by ants, and 79 per cent of these, or 21 per cent 

of the whole number, infested by root-lice. 
“Plot No. 10. Fourteen rows planted with treated seed. Four 

hundred hills examined, 167 vacant. Average number of plants to the 

hill, 1.83. Fifty-eight per cent were infested by ants, and /0 per cent 

of these, or 41 per cent of the whole number, infested by root-lice. 
“All counts were made in the central rows of the plots, and the 

missing hills were not taken into account in calculating the average 

number of plants per hill. Only hills infested with ants were examined 

for root-lice. The latter were not counted, but were commonly com- 

paratively scarce, being very abundant in only two hills. 

“About forty acres of the field was included in this experiment, 

‘twenty acres on the west side being planted with untreated seed. The 

plants in the untreated plots were uniformly stronger than those in the 

treated plots. The ungerminated seed of the treated plots was swollen, 

sour, and often covered with a greenish mold. Very often it had a 

peculiarly reddish discoloration of the seed-coat. In the seeds of the 

first day’s planting (June 20) the swollen condition was disappearing 

and the kernels were rotting and shriveling up. They had made no 

start at germination. The company tests the germination of all the 

seed it uses, and expects an average of 3.25 plants per hill. 

“T have detailed weather records for March, April, May, and 

June, 1907, as kept by Mr. Perce, of the Bloomington High School. 

The record for the time of planting and immediately afterwards 

is as follows. 

Temperature 
Date = - oe Precipitation 

Maximum Minimum 

June 19 ae —- 29 
20 87 66 Trace 
21 WE 69 0 
22 87 66 43 
23 85 66 45 
24 80 | 65 s5 
25 71 62 15 
26 78 52 0 
27 78 52 0 
28 80 50 | 0 
29 85 55 0 
30 90 60 0 
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It appears from Mr. West’s report that 2,000 hills were examined 

by him in untreated plots, of which only 17 were missing—a ratio of 

less than 1 per cent; and that 2,000 hills were examined in treated 
plots, of which 834 were missing—a ratio of 41.7 per cent. This dif- . 

ference in missing hills was, furthermore, fairly uniform in the various 

plots, ranging from none to 9 per 400 hills in the plots planted with 

untreated seed, and from 112 to 248 in those whose seed had been 

treated. The average number of stalks to the hill in the untreated 

plots varied from 3.03 to 3.28, and in the treated plots it varied from 
1.03 to 1.83. 

TREATMENT OF SEED-CORN WITH LEMON OIL AND ALCOHOL, 

CHECK AND EXPERIMENTAL Ptors or 2,000 Hits EacH 

| | 
; + ‘i 

Neen 2 | % S% = ~ 
S| be a Ute Ne ges R a | . | ta = Ao aS Eu 

E eee, oat eee eet ee nee 
AY =o | BO | & & Bea | SAT te LH | o i i 3) 3) 

ae ae: 1 ey Nn pera a, a 

Check 1,983 | 17 .85 SZ 6,286 — — 
Treated 1,166 834 17, 235 1,574 40.8 73 

From the above table it will be seen that an unquestionable effect 

of the treatment of seed-corn with lemon oil and alcohol was to cause 

a loss in this field of about 40 per cent of the hills and nearly three- 

fourths of the stand. Owing to the much smaller number of hills in 

the treated plots, the ants and root-lice occurring there were of course 

so concentrated in the remaining hills that a much larger percentage 

of these hills were infested than in the untreated checks—a fact which 

led to the natural but mistaken conclusion that the lemon oil had 

actually attracted the ants and root-lice instead of repelling them. 

The problem of the cause of the injury was rendered more per- 

plexing by a statement made to me July 16, in a letter from the vice- 

president of the canning company, Ira S. Whitmer, who says: 

“In reference to damage that was done to some of our sweet corn 

that was planted at Bloomington about which you have had some 

correspondence, we are pleased to state that the result of the use of 

oil of lemon and alcohol on sweet corn that we planted at Chenoa, was 

much more favorable. We have a letter today from Chenoa stating 

that the seed-corn on which this preparation was used sprouted and 

did equally well as that on which no special preparation was used. We 
have a good stand of corn on the entire field at Chenoa, Ill., where the 

oil of lemon preparation was used.” 
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From this and other evidence of like purport it seems unquestion- 
able that injury to the seed was due to local circumstances; and as oil 

of lemon is known to be of varying quality and in this case was ob- 
tained from different sources, it was at first surmised that differences 

in the quality of the oil caused these differences in the result of its 

application. In this connection the following statement in a letter 

dated July 10, 1907, from J. M. Francis, of the well-known firm of 
Parke, Davis & Co., druggists, of Detroit, Mich., will be of interest. 

“T have consulted all of the authorities available and have also 

looked up the data which we have accumulated in our own laboratory 

as the result of examining quite a large number of samples of this 

[lemon] oil, and it appears that the substance generally used for the 

adulteration of oil of lemon is the terpene oil which results from the 

manufacture of the terpeneless oil of lemon. 

“You understand, of course, that the oils of orange and lemon, 

and in fact all of the similar oils, contain greater or less quantities of 

terpenes which are very similar to ordinary oil of turpentine, and 

which give to these oils a peculiar disagreeable turpentine odor when 

they undergo an oxidizing process through age. In order to avoid this 

objectionable change in odor, and also to render the oils more freely 

soluble in water, many firms extract the desired flavoring principle from 
the oil of lemon or orange, leaving these terpenes behind as a by- 

product. It is very natural that oil dealers should desire to cheapen 

their oil of lemon by using these terpenes, as they are normal constitu- 

ents of the oil. It appears that ordinary turpentine is sometimes used 

as a diluent.’ 

From these statements I was disposed to surmise that an excess 

of terpenes in the Bloomington sample might have been the cause of 

the injury to seed-corn in the McLean county field of the canning com- 

pany, and this supposition was tested by several series of experiments 

made by one of my assistants, John J. Davis. 

TESTS OF LEMON OILS AND TERPENES 

These experiments were in three series of pot-plantings, each 
made with fifty kernels of corn, and handled as nearly as practicable in 

an identical manner. Each variation of the treatment included two 

hundred kernels planted in four pots; but as the results in the different 
sets differ from each other, generally speaking, less than the results 

from the different pots of the same set, it is unnecessary to give de- 
tails by sets of four, and the product of the experiments may be re- 
ported in much more general terms. 
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The pots were kept in an insectary greenhouse, and all those of 

each series were planted on the same day—the first series on the 29th 

of August, 1907, and the second on the 5th of September, and the 

third on the 8th of that month. All measurements of mixtures were 
made with a pipette graduated to hundredths of a cubic centimeter, 
with the exception of eight of the 4-pot sets, in which the measure- 

ments were made by drops; but as these were subsequently duplicated 

by centimeter measurements, which gave virtually the same results, 

they need not be separately described. 

In the first planting—that of August 29—750 kernels were planted 

without treatment in fifteen pots, as checks upon the various phases 

of the experiment; 800 kernels were treated before planting with 
ordinary lemon oil and alcohol, 1,000 kernels with terpeneless lemon 

oil arid alcohol, 400 kernels with terpenes unmixed, and 600 kernels 

with terpenes and alcohol. Where alcohol was used, it was mixed with 
the oils in one of two proportions, corresponding to the directions given 

in two different circulars issued from my office. In one of these 
proportions the oil was in the ratio of .3 of an ounce, and the alcohol 

2.7 ounces, to the gallon of corn, while in the other the corresponding 

figures were .3225 ounces for the oils and 2.2575 ounces for the alcohol. 

As a tabulation of the data for these two strengths of the mixture 

shows no essential difference between them, they are thrown together 

in the following table. The pure terpenes were used in the proportion 

of a teaspoonful (.125 of an ounce) to the gallon of corn. 

The main outcome of these plantings is shown in the following 

comparative table. 

Por PLANTINGS OF CoRN TREATED WITH OrpDINARY LEMON OIL, TERPENELESS 

LEMON OIL, AND Pure TERPENES, Aucust 29, 1907. 

| | eee 
, | Per cent of plants up ise | 34 | | =8 

Treatment | e 5 | Sats 
oe ee 

| September Shs} 

| Re els 
——_————_— ————— |_| K—\ qc—\qcr 

coeds (UGG 2 eee i i 750 186. 1 GS-73) 7a. | FOU sey 
Ordinary lemon oil with alcohol.... SOO S29? | S2ZNGI Wael (76. |.oe85 
Terpeneless lemon oil with alcohol..| 1,000 | 5.4 | 61 | 71 | 80 | 82 | 3.40 
UIE EERDRUES! \, ..sia0 efote ais lo'ee «0 0s sie ats 400 | 2 52 1668 |) 791079" le 337, 
Merpemes with AleGhOl 6)... < "sie 55 COON Si 2 OF tA Io 78! Gee 

A second series of experiments, with plantings made September 5, 

gives virtually identical results with those of the preceding table ex- 
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cept that we have in this an indication of injury to seed, not by the 

crude oil of lemon or by the terpenes but by the terpeneless oil. Why 

this injury should appear in these experiments and not in the preced- 

ing, I am unable to explain except on the supposition that the two sets 
of pots received different amounts of water, the reasons for which 

supposition will appear later. The proportions of oil of lemon and 
terpeneless oil in the mixtures are the same in this table as in the pre- 

ceding one. In the last of these experiments the alcohol mixture with 

oil of lemon contained terpenes to the amount of 5, 10, and 20 per 

cent respectively in the different lots; but as these do not vary in their 

average effect upon the seed, they are here thrown together. 

Por PLANTINGS OF CorN TREATED WITH ORDINARY LEMON OIL, TERPENELESS 

Lemon OIL, AND Pure TERPENES, SEPTEMBER 5, 1907 

c™ 

cw | Fer cent of plamteup | a 
ocr saat, 

Treatment foagcres coe 
| eee SO 

September Ses) 
12 | 13 | 14 | 16.) 197) 

PGE UCMECECY Ms 6 cA the elec ieie Us 8 aX 300) | 35: 34 | 66 | 74 | 73 Bees 
Pemonwotlewithealcobolecne., «uc. < 400 | 12. 41 | 60 | 71) 73-isnee 
Terpeneless lemon oil with alcohol. 400 1.5.) 14 | 43° | G27) G6 | 2.9 
Lemon oil and terpenes with alcohol! 600 1.8 | 19 | 53.) 725) 75a see 

Still another experiment, begun September 8, differed from the 

others in the much stronger solutions of the essential oils. These were 

used at the rate of .75 of an ounce of the oils to the gallon of corn, 

making solutions about two and a half to three times as strong as those 

previously used. In this series we have clear confirmatory evidence of 

the injurious effect of the terpeneless oil, and also of a lesser injury by 
the ordinary lemon oil, as is shown by the following table. 

Pot PLANTINGS TREATED WITH ORDINARY LEMON OIL, TERPENELESS OIL, 

AND TERPENES, SEPTEMBER 8, 1907 

a 
Per cent of plants up abe 

mn Sey 
Treatment we = | 2A 

ae = ¢ 
eee September [eScs 

iG | az 19 22> | eee 

None (check) ...:...sssee.i0. { 100 4 24 | #8 | 80 -[\ ea.) Bee 
SEIT, MOS hh sw nies cons REMY wr 200 38 56 66 68 3.69 
Terpeneless lemon oil ........ 200 5 16 ao 27 2.19 
MIBMUIBTERE O's Jit 5 ost Aug lp bow ots 200 59 68 69 71 4.75 
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The inference that terpeneless oil of lemon, produced by distilling 

off the more volatile terpenes from the ordinary oil, is more likely to 

be injurious to seed-corn than either the terpenes or the crude oil, is 

confirmed in an interesting manner by the results of experiments de- 

scribed by Dr. Whitten in the paper already referred to, in which he 

says: “At the present the trend of evidence tends to show that the 

[corn] grains bear immersion in the lighter oils without injury for 

much longer periods than in the heavier oils, and that the injurious 

after-effects of the latter are more pronounced than those of the 
Former.” 

As a general conclusion from this phase of my discussion, it may 

be said that my supposition that injury to planted seed-corn near 

Bloomington was owing to differences in the quality of the oils applied 

to the seed, was unfounded; and the cause of the observed variation in 

the effects of treatment must be sought elsewhere. 

As a further test of this conclusion we may take two sets of plant- 

ings, made at the insectary, in which the seed was treated with the 

same lemon oils, in mixtures of the same strengths, as were used by 

Mr. W.R. Scott, of Knoxville, and Mr. Frank Clark, of De Long, two 

Knox county farmers who reported serious injury to their seed. Sam- 

ples of the oils were obtained from these farmers with statements of 
the strengths used by them. Both bought their lemon oil in Knox- 

ville, but from different druggists. From the following table it will be 

seen that the insectary plantings of seed treated with these oils yielded 

results not materially different from those of the untreated check- 

plantings made at the same time; and the injury reported must hence: 
have been due to some local cause. 

Por PLANTINGS TREATED WITH ORDINARY LEMON OIL AND ALCOHOL AS USED 

By W. R. Scorr AND FRANK CLARK, EXPERIMENT OF SEPTEMBER 22, 1907 

(2a 
aie ‘Per cent of plantsup | ees 

Insectary test 6& i) SO 
ae ao 

| September | October Ws 
29 30 3 7 <e 

SGonec samples tas ose A aie ns sin ae 200 3 49 79 81 6.2 
Wilerise Sauipe tas oedema epee 6 600 2 21 76 79 5e5 

0 31 81 83 6.1 MOT Gio ee ae tm, esis vats diove 250 

Bulletin, Illinois State Laboratory of Natural History, Vol. X, Art. V, 
p. 269 
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CONTRIBUTING CAUSE OF INJURY TO SEED-CORN BY REPELLENTS 

That the cause was indeed local is indicated by the fact that in a 
prolonged trip through central Illinois, made during the summer of 

1907, for an inquiry concerning the use of lemon oil and its results, 

Mr. Davis found a general complaint of injury to the seed in the 

vicinity of Galesburg, and especially between Knoxville and De Long. 

In all of the territory covered by his trip the lemon-oil treatment had 

been more or less used in practically all localities except in Christian 
county, and there was commonly no report of injury to the seed, the 

main complaint of the farmers being the fact that they found no dif- 

ference in respect to thrift and stand between treated and untreated 

corn. 

What the local cause of injury probably was in these various cases 

is shown by the record of rainfall at Bloomington, given on a preced- 

ing page, taken in connection with the proof contained in Dr. Whit- 

ten’s studies, already referred to, that kerosene and other volatile oils 

are injurious to seed-corn in proportion to the amount of moisture in 

the ground during the planting and germinating period. In discussing 

his own experiments, Dr. Whitten says: 

“When the amount of water in the soil was reduced from 30% 

saturation to 25% saturation, the per cent. of germination was increased 

and the growth of the seedlings was more nearly normal; but when the 

water content of the soil was increased to 50 or 75% saturation, the 

per cent. of germination was markedly decreased and the subsequent 

growth of many of the seedlings abnormal.” Again he says: “It is 

evident that within certain limits the seedlings are not injured by the 

oil present at the time of planting, provided growth is initiated in the 

presence of a minimum amount of water. The small quantities of 

kerosene are toxic in proportion to the increase of the moisture con- 

tent of the soil. In the 50 and 75% saturated soils the dormant period 

of the grain is always less than 36 hours, while in the 25% saturation 

the time is extended to approximately five days. This increase of time 

affords the seedling an opportunity to dispose of the oils much more 

slowly, and it does so without injurious effects.’”! 

The Bloomington rainfall of nearly two and three-quarters inches 

distributed over seven days and including the planting period of the 

Normal field, must have kept the ground unusually moist from the be- 

ginning, and is a sufficient explanation of the injury to seed-corn in 

that field. Unfortunately, I can obtain no weather record of a place 

*Bull. Ill. State Lab. Nat. Hist., Vol. X, Art. V, pp. 265-267, 268. 
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where no injury was done, for comparison with the Bloomington ob- 
servations, and to that extent the proof must remain incomplete. 

FIELD EXPERIMENTS WITH REPELLENTS, 1907 

I have next to report the purely negative results of a series of 

field experiments and observations begun in April, 1907, at Le Roy, 

McLean county, by one of my field assistants, Mr. E. O. G. Kelly, and 

continued by Mr. John J. Davis, to whom the problem was transferred 

in the latter part of June. In these experiments, intended as a partial 

repetition and verification of those made at Elliott, in Ford county, in 
1906,’ no injury was done to the seed by oil of lemon and alcohol, oil 

of citronella and alcohol, carbolic acid, pure kerosene, or pure turpen- 

tine, each applied in the proportions commonly used by us at this 

time; nor was any difference discernible between experimental and 

check plots in the degree of infestation by the ants or by the aphids. 

Both the observers atttributed the results to heavy flooding rains 

which fell at intervals during the whole planting-period, and which 

washed away the fluid repellents so thoroly that the seed no longer 

smelled of them. At the same time root-lice virtually disappeared 

from fields which had been especially selected for experiment because 

they were so heavily infested by ants before planting that it seemed 

certain that the corn would be seriously injured by root-lice unless it 

was artificially protected. Rains fell here, in short, at a time and in an 

amount both to drown out the root-lice and to wash away the re- 

pellents before the seed could be injured. 

The following is an outline of the more important of these ex- 
periments. 

Experiment 1.—A field of thirty acres, on which corn was grown 

in 1906, preceded by oats in 1905. The seed used in planting was 
dealt with as follows: that for 16 rows, was treated with a fourth 

of an ounce of kerosene to the gallon of seed; for 24 rows, with a 

half ounce of kerosene to the gallon; for 68 rows, untreated and re- 

served as a check; for 44 rows, treated with three-fourths of an ounce 

of kerosene; for 62 rows, with three ounces per gallon of a mixture 

of oil of lemon (10 per cent) and alcohol (90 per cent) ; and for 10 
rows, untreated, as an additional check. 

The field was planted on the 11th of May, 1907, and on the 20th 

of May no odor of kerosene or oil of lemon could be detected on the 

treated seed. »On the 28th of May, many hills were burrowed by ants, 

but an examination of fifty such hills, dug up for the purpose, dis- 

25th Rep. State Ent. Ill., p. 14. 
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closed no root-lice. On the 3lst of May a few root-lice were found. 

On the 6th of June an examination of two hundred hills dug up gave 

the following averages: 

Check plots, 50 hills examined. Six hundred and_ thirty-eight 

adult ants, no ant larve, 7 root-lice. 

Plot treated with half an ounce of kerosene to the gallon of seed, 

50 hills examined. Two hundred and ninety-four adult ants, 400 

larve, no root-lice. 

Plot treated with three-fourths of an ounce of kerosene to the 

gallon of seed, 50 hills examined. Six hundred and forty-one adult 

ants, 500 larve, 14 root-lice. 

Plot treated with a 10 per cent solution of oil of lemon at the rate 

of three ounces per gallon of seed, 50 hills examined. Seven hundred 

and thirty-two adult ants, 400 larvze, 26 root-lice. 

Taking the four plots together, 2,305 adult ants and 1,300 ant 

larve were found in two hundred hills, but these were accompanied by 

only 47 root-lice. The last of June a large number of hills were dug 

up in this field, but no root-lice were found. No injury was done to 

the seed, and a good crop of corn was produced. 

Le Roy ExPERIMENT, EXAMINATION OF JUNE 6, 1907. 

Quantities per gallon of corn | No. hills Adult ‘ 
| FSS ants Ant larve| Root-lice 

INMiOMemIUGHECKS)! esa emice teaser son 50 | 638 0 7 
VAOZ ee KELOSENG™ cioleclet bie Serene es 50 294 400 0 
SMa Z PKCKOSENE 4 ..0 occ lee One 50 641 500 14 
3 oz. 10% solution oil of lemon. 50 732 400 26 

Experiment 2—A 40-acre field, in corn the preceding year, was 

selected because of the abundance of ants’ nests noticed in following 

the plow, these averaging a hundred nests to the mile of furrow. As 

the plow used turned a 14-inch furrow, the above number of nests per 

mile was approximately equivalent to seven hundred per acre. The 

field was planted May 9 and 10, 24 rows with seed treated with three- 
fourths of an ounce of turpentine to a gallon of seed; 24 rows with 

half an ounce of turpentine to the same; 16 rows with two ounces of a 

10 per cent alcoholic solution of oil of lemon to the gallon; 20 rows 
with three ounces of the same to the gallon; and 32 rows with three 

ounces of a, 10 per cent solution of oil of citronella to the gallon. 

The.sgeed in this field had begun to grow on the 17th of May, and 

ants were dound at this time in the checks but not in the treated plots. 
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On the 6th of June, on the other hand, ants were found in practically 
every one of three hundred hills examined in the various experimental 
plots, the numbers varying from 1,657 to 4,163 adults to each lot of 
fifty hills, and the ant larve from 850 to 2,500. Root-lice, on the 

other hand, varied from 2 to 241 to each lot of fifty hills. The totals 
of these insects for the three hundred hills are as follows: adult ants, 

16,935; ant larve, 10,200; root-lice, 776. 

The following table summarizes Mr. Davis’s observations on the 

condition of the field September 17. 

FINAL TABLE, EXPERIMENT No. 2 

: “2 | 2 | 43 
a Se hs ne 

Treatment Fs ao a= cS 

oe Luger |. 8 | eae 
S vo a io faa) 

PrP MANGHEEIC)) s. Seioayinie sve vise cose oe ehee 200 149 140 9 
EITIONMO Mpa sertatisrjodcieuewiee sie sos Hes 100 130 131 2 
Mintimer elinonetian <8 oo 20.8 ose ne oe dsceress 50 150 152oe. 1 
“TWEED CES ATCO GRE oa ca 100 141 ISB 8 

Experiment 3.—A field of forty acres, the planting of which began 

May 28, but was interrupted by rain, and recommenced May: 30, but 

again interrupted by rain. On the 6th of June, owing to the wetness 

of the weather, fifteen acres of this field still remained to be planted ; 

and during the night between the 6th and 7th it rained again. This 

remaining part of the field was presently planted with seed treated 

with a 10 per cent alcoholic solution of oil of lemon, three ounces of 

the mixture to the gallon of seed. 

On the 26th of June ants were numerous in this field, but no root- 

lice were found. On the 3d of July thirty hills contained 300 adult 

ants, 175 larve, and 125 root-lice. October observations showed no 

difference between the treated and the untreated parts of the field, 

either in condition or in yield. 
Experiment 4.—Field planted on the 11th of May with eee 

treated with carbolic acid at the rate’of three ounces per gallon of a 
solution in water, containing 21% to 3 per cent of the acid. 

On the 15th of June a hundred hills infested with ants in this 

field were dug up, and root-lice were found in only six of them. Later 
counts of the stand showed no difference between the treated and the 

untreated plots, and neither injury nor benefit had resulted from the 

treatment. 
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Experiment 5A farmer’s experiment in which a field of sweet 

corn was planted June 12 and 13 in alternating strips with untreated 

and with treated seed, oil of lemon being used, a pint to a gallon of 

wood alcohol, and about three ounces of the mixture to the gallon 
of corn. . 

June 26 the corn was above the ground, and on the 5th of July 

a hundred hills were dug up and examined, with the result that 2,205 

adult ants, 2,070 larve and pup, and 763 root-lice were found in the 

untreated part of the field, while in the treated part the adult ants 

numbered 1,215, the larve and pupz 11, and the root-lice 282. From 

this it appears that there was some repellent effect in the seed-corn 

treatment in this field; but the weights of corn from an equal num- 

ber of hills from treated and untreated plots showed no tangible dif- 

ference in the yield, the ears from four rows of each weighing 

between 2,100 and 2,200 pounds. 

The Spring Weather at Le Roy—No precise data of rainfall at 

Le Roy were obtainable for May and June, 1907, but the notes of the 

field assistants are plain upon this point, as shown by the following 

extracts: 

May 2 and 3, work in corn fields interrupted by rain. 
May 14, rained hard, packing the ground. 

May 17, heavy rain here at night. Hard rains have apparently 

held the root-lice back. 

May 22, ground packed by hard rains and subsequent baking. 

May 28, rain stopped planting. “Big, heavy rains seem to have 

killed the poor Have noticed reduction, in short, after each 

heavy rain. 

May 30, cold and rains have reduced numbers of root-lice. 

May 31, rain preceding night interrupted corn planting. 

June 5, rain interrupted corn planting. 

June 6, recent rains have made fields too wet to plant. 
June.7, rained last night. 

June 9, wet weather doubtless the cause of poor condition of 
corn. 

June 10, big storm. on 

June 22, observations stopped by rain. 

June 20, corn in low ground apparently killed by water. 

June 27, field too wet to cultivate. 
July 9. corn on untilled field very poor because of wet weather. 
The fields under observation and experiment were planted Mav 

9, 10, 11, 13, and 14; May 22, 23, 28, and 30; and June’ 11, i 18, 

and 19. 
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Why heavy damage should have been done to seed-corn at Nor- 
mal because of rains, while rainy weather did no such harm at Le Roy 
or Chenoa, it is impossible now to determine for the lack of more 
specific information concerning the situation at those places. 

LaBporaTorRy EXPERIMENTS WITH THE EFFECTS OF REPELLENTS 

ON ANTS 

The substances used in 1907 and 1908 in field experiments against 
the corn-field ant had proved unsatisfactory, partly by reason of the 
uncertainty of their effect on the insects, but largely also because of 
the injury to seed-corn in wet weather. In the case of the oil of 
lemon an additional difficulty was an insufficient supply of the oil 
and the consequent certainty that the price would be put up to a 
prohibitive figure if there was anything like a general demand for it 
at planting time. A considerable series of experiments on ants was 
consequently undertaken in the beginning of 1909 with a large 

variety of possibly available repellents, with a view to a selection of 
those most efficient and most readily obtainable, for further use in 

the field. As it was desirable that the repellent effect should be got 
without the substance chosen actually touching the seed, the fluids 

were mixed with sand or other similar substance of a kind to be 

applied in the field by means of a fertilizer-dropper attached to the 

planter and dropping a powdered fertilizer beside or over the hill. 

All the experiments reported in this section were made by Mr. 

Maurice C. Tanquary, a temporary assistant of the office, also, at the 

time, a graduate student in the University of Illinois. His work 

began January 13, 1909, and was carried on at irregular intervals 

until the 30th of the following June. In all of them, established 

colonies of ants were used, each consisting of worker ants and larve, 

and sometimes containing also a queen. As many previous experi- 

ments with the corn-field ant had shown that it has a strong prefer- 

ence for orange light, in which, altho its movements can be plainly 
seen by us, it seems to act as if it were itself in the dark, and as the 

worker ants are extremely devoted to the care of the larve of their 

species, an apparatus was arranged which should take advantage of 

these two facts to afford a place of comfortable and attractive resort 

such that the repellent effect of the substances tested might be shown 
by driving the ants from these comfortable quarters into others less 

desirable. It was thought especially that, if they were forced to 

desert their larve, the distance to which they were driven by the 
repellents and the we of time pee before they returned to the 
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care of their helpless charges, would enable us to compare the various 

substances tested in respect to the intensity and persistence of their 

repellent effects. 

The apparatus used (which we may call the cage, Fig. 1) was 

essentially a shallow, water-tight glass tray, or basin, made by build- 

ing a wall half an inch high, with putty covered by strips of glass, 

around the edge of a pane of glass 16 X 12 inches, inside which another 

pane of glass, 8 X 12 inches, was supported at the corners by pieces 

of glass stuck on with balsam. This latter plate we will call the base 

of the nest (b). Its top was a trifle below the upper edge of the walls of 

the tray, so that water poured into the latter until it reached the 

under-surface of the plate would surround it as by a moat, which 

prevented the escape of the ants placed upon it. Under the center of 

Fic. 1 

the transparent bottom of the cage was placed a sheet of plain white 

paper with concentric circles drawn upon it, the smallest a quarter 
of an inch in diameter, and the succeeding circles separated from 

each other by an eighth of an inch. By the aid of these circles one 

could tell at a glance the exact distance from the center to which any 
ant had withdrawn. Upon the center of the base was placed the 
repellent, and over this a piece of orange glass, or cover, supported 

at its corners by bits of cork just thick enough to allow the ants to 

pass under the cover conveniently. The space between the cover and 

the base is the nest (c). The orange covers differed in size from 2 X 2% 

inches to 2% X 3, the latter being the size used in the following experi- 
ments unless other dimensions are given in the descriptions. In some 

of the cages used a circle three inches in diameter was cut out of the 
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center of the base, and this was filled with cement in a way to make 

a disk which, being in contact with the water beneath, was always 
moist. In these cages the orange cover was a circle of glass 3% 

inches in diameter. 

The fluid repellents were commonly applied by saturating fine 

sand with them and depositing this in a small pile at the center of the 
nest. This was always done after the ant colony with its larve in 

charge had established itself beneath the orange cover. 

The object of these experiments being merely to test the sub- 

stances in a comparative way, the conditions were in all cases made 

as nearly identical as practicable, especially with respect to heat and 

light. It is nevertheless evident that they are subject to the disadvan- 

tage that colonies of ants of the same species are not necessarily equal 
and similar in their reactions, and that the same colony may not al- 

ways react in the same way to the same treatment. One of the most 
interesting of Mr. Tanquary’s observations shows that the aspect of 

the reaction may be considerably changed by the exceptional sensibil- 

ity or activity of only a very few of the individual ants of a family 
group—only three or four, perhaps, out of as many hundred rising to 

the occasion and rescuing the young from dangerous or offensive situ- 
ations. 

I have found no way of tabulating or otherwise condensing the 

descriptions of Mr. Tanquary’s notes, and can only give the main re- 

sults of the tests in very general terms, referring the reader for fur- 

ther information to the details of the observations. Generally speak- 

ing, then, it seems from these experiments that oil of tansy, oil of 

lemon, anise oil, tincture of asafetida, apterite, and vermicide are very 

strongly repellent to the corn-field ant; that kerosene, camphor, and 

coal-tar are strong repellents, and that the other substances tested are, 

if repellent at all, too slightly so, or for too short a time, to make them 

promising materials for any practical use. 

Experiment 57681, Check.—January 13, 10:25 a. m., as a check 

upon the other experiments, a little sand moistened with water was put 
under an orange cover which had been removed for this purpose to a 

fresh part of the base at the close of an experiment with oil of lemon. 

The ants immediately began to assemble under the cover, carrying 

their larve with them; but twenty-seven of the latter were thrown by 

their nurses into the water, probably because they still smelled of the 
lemon oil. Other ants began at once to carry out the sand grains and 

* The numbers here used are those of the “experiment record” of the office, 
a book in which all experiments are permanently recorded. 
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scatter them about outside the nest. The ants were not repelled by the 

moist sand, but seemed to dislike its physical properties. By 11:30 

almost every particle of the sand had been removed, and the ants had 

placed a few larve on the square of tin on which the sand rested. By 
1:30 p. m., all the sand removed, some of it being carried out and 

thrown into the water. One of the three bunches of larve under the 
orange cover was now on the tin. Time, 3 hours and 5 minutes. 

Experiment 5/62, Kerosene—January 13, 1:50 p. m. A small 

amount of sand moistened with kerosene was placed under the center 

WINDOW 
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of the orange cover. The ants nearest at once faced towards it, waved 
their antenne about, and then ran around in confusion. A very few of 
the ants approached the sand, and even touched it, but quickly jerked 
back, throwing their antenne about. vigorously, seemingly in great dis- 
tress. Others circled completely around the sand at a distance of 
one or two inches. After 15 minutes a few of the ants with some of 
their larve were bunched under one corner of the orange cover. In 
55 minutes, about a fourth of the ants were under the edge of the 
cover, another fourth were an inch and a half outside the cover, with 
the queen, while the other half were assembled at a remote corner of 
the base, as shown in the accompanying sketch (Fig. 2). January 
14, 9:45 a.m. (19 hours, 5 minutes ), situation about as on the previous 
day, except that approximately half the ants were under the cover, 
none of them, however, nearer than five-eighths of an inch to the re- 
pellent. Most of the ants under the cover were in the neighborhood 
of the queen, who was just an inch from the edge of the sand. The 
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average distance of the ants from the outside edge of the sand was 

one and an eighth inches, but the nearest ants were in an approximate 

circle around the sand at a distance of five-eighths of an inch. (Fig 3.) 

MiGs 

Experiment 57/1, Oil of Lemon.—January 12, 4:15 p.m. A lit- 

tle sand moistened with oil of lemon was placed on the base, and the 

orange cover was moved to bring its center over the sand. Within 

three minutes nearly all the ants were out from under the cover, leav- 

ing nearly all their larve behind. A few of the latter which were so 

far from the sand that the ants could get at them, were brought to- 

gether near the edge of the nest. Some of the ants attempted to re- 

move the remaining larve, but when they came within an inch and a 

quarter to an inch and a half of the sand they stopped, sometimes 

with spasmodic jerkings of their antennz, and then turned back. 

A larger orange cover, 4+ X 5 inches, was placed over the sand and 

left over night. 7:10 a. m. (14 hours, 55 minutes), no ants under the 

cover, all being gathered along the edge of the base. The larve were 

still scattered about in the nest. 8 a. m., orange cover replaced by an- 

other, 5 X 6 inches. 9 a. m., the ants would not go under the cover 

except that an occasional one ran in for a moment at the edge. A still 

larger glass, 6 X 8 inches, substituted for the preceding. 11:30 a.m, 

the ants were all under one end of the cover, as far away as possible 

from the sand, but they had not gathered up their scattered larve. 

The position was as shown by the following sketch (Fig. 4). The 

ants nearest the center of the nest were constantly moving about, as 

if dissatisfied, those nearer the edge being quiet. The large cover was 
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now removed, together with the repellent, and an orange cover 234 X 3 

inches was put in its place. On the following day, January 13, the 

ants were all assembled in the nest. 
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Experiment 5/73, Oil of Lemon.—April 26, 11:12 a.m. A small 

amount of sand moistened with oil of lemon placed under the cover, 

within five-eighths of an inch of a pile of larve. The ants immediately 

began to crowd away, about a sixth of the colony remaining under the 

edge of the cover an inch from the sand, and the larve being de- 

serted for the time being. Four of the workers soon began to move 

the larve to the edge of the nest. During 32 minutes but four different 

ants were seen carrying larve. After 4 hours no ants remained under 
the cover. They had removed most of the larve to the edge of the 

base, and three of the workers were engaged in carrying off the re- 

mainder. Mr. Tanquary remarks that very often only a very small 

number of the workers—half a dozen or so—were active in removing 

the larvee from the neighborhood of the repellent. In 5 hours and 18 
minutes all the larve had been removed. In 15 minutes more some 

ants were resting under the corner of the cover. April 27, 8:30 a. m., 

no ants were under the cover. 9:15 (22 hours), about twenty ants 

under one corner of the cover. An hour and 5 minutes later, about 

two dozen ants were under the cover, one and an eighth inches from 

the sand. 10:25, the orange cover replaced with a larger one, 5 X 6 

inches, and food exposed at various points under it for the ants. 11:25, 

not more than half the ants are yet under the cover. 11:50, most of 

the ants are now in the nest. 3:30 p. m.,, the large glass replaced by 

one 2% X 3 inches. 4:45, about half the ants are under the glass. 

April 27, 9:50 a. m., about two-thirds are under the cover with the 

larve, but the others are out on the edge of the base. 11:05, same 
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situation as above. 11:24, about three-fourths of the ants are under 

the cover. Repellent is removed and experiment closed. 

Experiment 5776, Oil of Lemon.—May 1, 11:50 a. m., sand mois- 

tened with oil of lemon placed under the orange cover half an inch 

from the larve. The ants scattered immediately, most of them leav- 

ing the nest entirely, but a few remained at its corners. The larve 

were completely deserted. Five minutes later a few ants were under 

each of three corners, and three or four were beginning to move the 

larve to the corner of the nest. Most of the ants were out on the 

corners of the base, as shown in Figure 5. 1 hour and 20 minutes. 

hie. 5 

fewer ants under the cover, most of the larve remaining in their origi- 

nal position. 2 hours and 35 minutes, situation unchanged. In 3 hours 

and 40 minutes about a fourth of the ants were under the cover, but 

the larve were not yet gathered up (Fig. 6). Four hours and 45 

minutes, situation unchanged. May 3, 9:30, no ants under the cover. 

but all clustered along the edges. 11:30 (23 hours and 40 minutes), 

same situation. 3:05 p. m. (27 hours and 15 minutes), about two 

dozen ants under one corner of the cover. 5 p. m., no ants under the 
eaver. May 4, 9'a.m.; 11:55 army '3 p. m.,and 5: 15 p. m.; situation 

unchanged. The ants have not gathered up the larve which they de- 

serted in the beginning. May 5, 7:45, all the ants gathered around the 
edge of the base. 8:10, about a dozen ants are under a corner of the 

cover nearest the larve. 11:30, a few of the larve have been gath- 

ered up and transferred toa corner of the nest. 4:40 p. m., about two 

dozen of the ants under a corner of the orange cover with about a 
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fourth of the larve, which they have gathered up. These larve are an 

inch and an eighth from the sand. May 6, 9 a. m., nearly all of the 

ants are out on the edge of the base. About two-thirds of the larve 

have been brought together at a corner of the nest, and about a dozen 

ants are with them. Occasionally another larva is brought over to the 
corner. 11:30, situation unchanged. 2 p. m., a few more larve have 
been recovered. 5:30, about a dozen ants in the nest with larve, not 

all of which have yet been recovered. May 7, 8:20 a. m., most of the 

larve that had been moved to the corner of the nest are now out on 
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the edge of the base, and there are no ants under the cover. 11:30 

a.m., and 5 p. m., situation unchanged. May 8, 9 a. m., no ants under 

the cover. Experiment closed. Total time nearly 7 days. [Mr. Tan- 

quary’s notes do not show that the ants were fed during this experi- 
ment. | 

Experiment 5/72, Emulsion of Oil of Lemon.—April 25, 3:50 
p. m., small amount of sand moistened with a 5 per cent emulsion of 

oil of lemon was placed under the cover. The ants gradually crowded 

away from the sand. 4 p. m., the ants were three-eighths of an inch 

from the sand, and were taking their larve with them. 4:10, the ants 

were half an inch from the sand. 4:45, the ants were withdrawn an- 

other eighth of an inch. 5:45, same distance from the sand, but not 

so many under the cover. April 26, 9:30 a. m. (17 hours and 40 

minutes), about half the ants were under the cover, half an inch from 

the repellent. Larve three-fourths of an inch distant. 10:45 a. m., 

about two-thirds of the ants were under the cover, the nearest a fourth 
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of an inch from the repellent. The experiment was closed by the re- 

moval of the sand, the odor of which was scarcely distinguishable. 
Experiment 5/77, Oil of Lemon.—May 27, 2:37 p.m. This ex- 

periment was made in a cage with a 3-inch cement disk at the center of 

the base, and a circular orange cover 3% inches across. Sand mois- 

tened with oil of lemon was placed beneath the center of the cover. 

The ants were thrown immediately into great confusion, and about half 

of them at first ran from under the cover, deserting for a time the 

larve nearest the sand. These were about one and a fourth inches from 

the repellent. In 5 minutes the ants on the base were beginning to re- 

turn beneath the orange cover, some moving the larve farther from 

the sand and recovering those at first deserted. After 10 minutes the 

distance from the sand to the nearest larva was five-eighths of an inch. 

They were still moving their larve back. 3:08, nearest larva now 

six-eighths of an inch. 3:40 (63 minutes), nearest larva seven-eighths 

of an inch. Most of the ants are out on the base (Fig. 7, A). 5 and 

ini, 7/ 

5:30, situation unchanged. May 28, 8 a. m. (17 hours, 23 minutes), 

larve are more scattered, and the inner edge of the pile is about five- 

eighths of an inch from the sand. About three-fourths of the ants 
are under the cover with them. 2 and 5:30 p. m., nearest larve six- 

eighths of an inch from the repellent. May 29, 8 a. m. (41 hours, 23 

minutes), nearly all the ants are under the cover. The nearest are 

three-eighths of an inch from the repellent, as shown by Figure 7, B. 

11:50 a. m. and 1:30 p. m,, situation unchanged. 5:45, ants now all 
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under the cover, but at the same distance from the repellent as before. 

May 31, 8a. m., and 3: 30 p. m., situation unchanged. 6 p. m. (4 days 

and 34% hours), ants same distance from sand, but more dispersed 

(Fig. 7,C). June 1, the ants move about somewhat but maintain their 

distance from the repellent all day long. The same record was made 

for June 2, at 8 a. m. and 3 p. m. (6 days), when the experiment was 

closed. 

Experiment 5/74, Oil of Lemon and Bone Meal.—February 24, 
9:10 a. m., some bone meal soaked with oil of lemon was allowed to 

dry, then moistened with water, and placed at the center of the nest. 

Most of the ants escaped from under the cover, but a third of them re- 

mained under one corner with the larve, which were seven-eighths of 

an inch from the bone meal (Fig. 8). In an hour and fifty minutes 

hs 
pice %, mh ‘ 
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the ants were about five-eighths of an inch from the meal, and nearly 
half of them were under the cover. 3:50 p. m., about half the ants are 
under the cover, the nearest half an inch from the fertilizer. 4:50 (7 
hours, 40 minutes), situation unchanged. February 25, 8 a. m., most 
of the ants are under the cover, the nearest about half an inch from the 
fertilizer. 9:30 (24 hours, 10 minutes), ants withdrawn to about 
three-fourths of an inch, 11 a. m.,, situation unchanged except that 
fewer of the ants are outside on the base. 3:15 and 5 p. m., same ap- 
pearance. 7:15, ants were about seven-eighths of an inch ee the re- 
pellent, and about half were now outside the nest. February 26, 8 
a. m., ants from half an inch to five-eighths of an inch distant from the 
repellent this morning. 3:30 and 4:50 p. m. (2 days, 7 hours, 40 
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minutes), ants six-eighths to seven-eighths of an inch distant, about a 

third of them outside. February 27, 8 a. m., about four-fifths of the 

ants are under the cover at a distance from the repellent of three- 

eighths to four-eighths of an inch. 4:50 p. m. (3 days and nearly 8 

hours ), five-sixths of the ants now under the cover, the nearest three- 

eighths to four-eighths of an inch from the repellent. Experiment 

closed. 

Experiment 57/75, Oil of Lemon with Wood Ashes —February 24, 

11:10 a. m., wood ashes soaked in oil of lemon, allowed to dry, and 

moistened with water, placed at center of nest. Collection of larve a 

fourth of an inch from the repellent. Ants soon leave the immediate 
vicinity, deserting the larve. 11:30 (20 minutes), the nearest ants are 

five-eighths to six-eighths of an inch from the ashes. They have not 

gathered up the deserted larve. About two-thirds of them are under 

the cover distributed as shown in the accompanying sketch (I*ig. 9). 

Deserted Larvae 
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4:50 p.m. (5 hours, 40 minutes), ants are now about seven-eighths of 

an inch from the ashes, but the deserted larve have not been recovered 

(Fig. 10). February 25, 8 a. m. (20 hours, 50 minutes), the ants are 

about three-eighths of an inch from the repellent, deserted larve not 
recovered. At 9:30 the ants are withdrawn to about three-fourths of 

gomimen At Ii a. m., 3:15, and 5 p. m:? (29 hours, 50 ‘minutes), 
same appearance. 7:15 p. m. (31 hours 5 minutes), ants about seven- 

eighths of an inch from the repellent, and a larger number than before 
are outside the nest. February 26, 8 a. m., ants five-eighths to six- 

eighths of an inch distant from the repellent. 3:30 p. m., ants with- 
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them outside the nest. 4:50 p. m., nearest ants an inch and an eighth 

from the repellent, two-thirds of them outside the nest. February 27, 
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8 a. m. (2 days, 20 hours, 50 minutes), most of the ants are under the 
orange cover, the nearest being four-eighths to five-eighths of an inch 
from the repellent. 11:50 (3 days, 40 minutes), ants distant from the 
repellent three-eighths to four-eighths of an inch. 4:50 p. m. (3\daye 
3 hours, 40 minutes), ants distant from four- to five-eighths of an inch. 
Experiment closed. 

Experiment 5778, Oil of Tansy.—April 17, 8:30 a. m., sand 
moistened with oil of tansy was placed at the center of a nest under 
the orange cover with a fresh colony of ants. Within four minutes all 

Ants and 
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the ants had left the nest, deserting a large pile of larve except for a 
few carried away as they escaped. 8:45, a number of the ants go into 
the nest and walk about for awhile, but presently leave it, removing 
none of the larve. The position of the larvz in the nest is shown by 
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the preceding sketch (Fig. 11, A). 9:15, a few ants resting under 
one corner of the cover with a small number of the larve in charge 

(Fig. 11, B). 10:30 (2 hours), all the ants but two have left the nest, 
deserting the larve. 11:50, same situation. 4 p. m. (7 hours, 30 

minutes), no ants under the cover. About one-third of their larve 

have been carried out to a corner of the base, but the others remain in 

the nest. April 22, 2:45 p.m. (5 days, 6 hours, 15 minutes), the ants 

have remained during all this interval on the corner of the base with a 

small part of their larve, and have not gone near the nest. A few of 

them were apparently killed by the tansy oil.. Repellent removed, the 

sand still smelling very strongly of the oil. 

Experiment 5/79, Oil of Tansy.—April 22, 2:28 p. m., sand satu- 

rated with oil of tansy placed at the center of a nest. The ants scattered 

precipitately, deserting the larve and many of them falling into the 
water around the base. Seventeen of the ants, some of which in the 

confusion rushed against the sand were killed by the oil of tansy. The 

others scattered over the base. 3:10 p. m. (42 minutes), seven ants 

under one corner of the cover. 3:45;4:35, and 5: 10, no ants under the 

cover. April 23, 9 a. m. (18 hours, 32 minutes), no ants under the 

cover. 11:30 a. m. (21 hours, 2 minutes), three or four ants went 

now and then for a little time into one corner of the nest. 3:05 p. m., 
about two dozen of the ants had. gathered up most of the larve under 

one corner of the cover an inch and an eighth from the repellent. All 

the other ants were out on the base,:;;April 24, 8 and 11 a.m. (2 days, 

8 hours, 32 minutes), no ants were in the nest. The larve in the cor- 

ner of the nest yesterday were piled:.on a corner of the. base. . The 

repellent was removed, the odor still quite strong. The: small cover 

was replaced by an orange glass 4 X 5 inches, and food was placed at 

the center of,the nest. 2:30 p. m., nearly all the ants had gathered in 

the nest with their larve. 

Experiment 5/89, Tansy Tea.—May :24, tansy tea was prepared 

by boiling an ounce of. dry tansy leaves for fifteen minutes in a quart 

of,water. The ants paid almost no attention to sand moistened: with 

this infusion, but gathered around it as if it were not in the least ob- 

jectionable. May 25, 10:30 a. m., same situation, all the ants es in 

the nest. Experiment closed. 
Experiment, 5/41, Tincture of Asafetida. aa 4, 1909, 9: 25 

a m., sand moistened with asafetida was placed at the center of a nest. 

The “ae within, began immediately to scatter, most of them going out 

on. the base, but some of them rushing back and forth under the orange 
cover. At 9:45 (20 minutes), a few were still running about in the 
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nest, but eight were lying on their backs near the repellent, apparently 

overcome by the odor. At 10:05 (40 minutes), practically all the ants 

were out on the base, some of those that were overcome struggling 

about, unable to escape. 11 a. m., eleven ants were apparently dead 

in the nest. At 11:55, fourteen dead ants were seen under the cover. 

By 3:15 several of those overcome had either recovered or had been 

carried out. At 5:15 (7 hours, 50 minutes), no ants were in the nest. 

The same entry was made at intervals from May 5 at 9 a. m. to May 8, 

no ants having entered the nest at any time during this interval of 

four days from the beginning of the experiment. 

Experiment 5744, Anise Oil—June 30, 1909, 10:50 a.m. In this 

experiment a large nest with a cement bottom was used with a cover 
334 inches across. Sand moistened with anise oil was placed at the 

center of the nest. The ants scattered immediately, deserting their 

larve, which were in two piles two-eighths and six-eighths of an inch, 

respectively, from the repellent. At 11 o’clock five ants were under 

the glass about the pile of larve which was farthest from the sand, 

and others were occasionally running about under the cover. At 11:30 

the larvee most distant from the sand had been moved out on the base, 

and no ants were now under the cover. At 5 p. m. (6 hours, 10 

minutes), all the larve had been removed from the nest and no ants 

were under the cover. July 7 (1 week); up to this time no ants had 

returned to the nest. This was a weak colony, however, and the test 

with anise oil should have been made again with a larger number of 

ants. i 

Experiment 5748, Gum Camphor.—January 29, 11 a. m., gum 

camphor, cut up into fine particles and moistened with water, was 

placed at the center of a nest. The ants scattered immediately, many 

of them running about over the base but most of them hovering over 

the larve about three-fourths of an inch within the nest. At 11:15 a 

few ants were under the corners of the cover nearest the larve. At 

11:50 most of the ants had gone outside the nest, clustering around 

the larve, but a few were under one corner of the cover, and two 

small companies were farther out on the base. At 1:50 p. m. (2 hours, 

50 minutes), about one-fourth to one-fifth of the ants were under the 

cover, the nearest seven-eighths of an inch from the repellent. The 

ants were in two companies, one near the nest and the other at a cor- 

ner of the base (Fig. 12, A); and at 5:30 (6 hours, 30 minutes) the 
situation was unchanged. On the following day, January 30, at 10:45 
a.m. (23 hours, 45 minutes), about half the ants were gathered along 
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one edge of the cover (Fig. 12, B) and the others were in two com- 
panies on the base. 
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Experiment 5753, Gum Camphor in Solution—April 20, at 10: 35, 
sand soaked with a saturated watery solution of gum camphor was 

Ants and Larvae. 

Ric. 13 

placed at the center of a nest. The ants immediately left the vicinity, 
some remaining under the edge of the cover and the remainder escap- 
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ing from the nest. The larve, which were four-eighths of an inch 

from the sand, were deserted (Fig. 13, A). At 11 o'clock about 

one-third of the ants were in the nest, as shown in the figure, the near- 

est of them five-eighths of an inch from the repellent. At 11:15 a. m., 
1:30 and 2:25 p. m.—3 hours, 50 minutes—the nest presented practi- 
cally the same appearance. At 3:45 (5 hours, 10 minutes), nearly all 

of the ants had left the nest and a few of the larve had been carried 

to its outer edge (Fig. 13, B). At 4:45 and at 5: 50—/7 hours, 15 min- 

utes—about a dozen ants were still in the nest. April 21, at 9:30 

a. m., no ants were in the nest, the larve having all been carried out- 

side. At 11:30 (24 hours, 55 minutes), several ants had moved under 

the cover as shown in the sketch. At 3:30 and 5 p. m. the situation 

was unchanged. By 8:20 a.m. April 22 (45 hours, 45 minutes), about 

three-fourths of the ants were in the nest, filling it half way; at 11 

a. m. (48 hours, 25 minutes) the situation was unchanged, and the 

experiment was closed. 

Experiment 5/58, Formic Acid.—January 14, at 10: 30, a small lot 

of sand mixed with formic acid was placed on the base, and the orange 

cover was moved over it to form a nest with the repellent at its center. 

The ants presently began to move into the nest, but were immediately 

affected by the odor of the acid. Only two approached the sand near 

enough to touch it, and these jerked quickly back, vigorously rubbing 

their antennz, which had been brought in contact with the acid. At 

10:45 the queen of the colony entered the nest and the workers were 

moving their larve, all keeping as close to the borders of the nest as 

practicable, the innermost of the assembly being always restless. and 

active. At 11:30 and at 11:55 (1 hour, 25 minutes), ‘thevants were 

clustered_at each of the four corners of the cover. At 3:10 p. m. (4 
hours, 40 minutes), nearly all the ants were in the nest, a few nearer 

the sand than before, the nearest within two-eighths to three-eighths 
of an inch. Some occasionally crossed the clear space within the cir- 

cle, and occasionally one even crawled over the sand, seemingly un- 

affected by its odor. By 8:10 the next morning the ants were paying 

no attention whatever to the sand, which was removed. It had not 

the slightest perceptible odor, formic acid being highly volatile. 

The experiment was repeated at 8:20 a. m. of this day, January 

15, the ants immediately scattering, about one-third of them retreat- 

ing to a corner of the base. At 8:35 the ants were collected in two of 

the corners of the nest, the queen among them, and under the edge of 

the, cover, farthest from the repellent, the nearest an. inch and an 

S Fray Fy 3 TOY Db beaks 
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eighth distant. The general appearance is illustrated by the follow- 

ing sketch (Fig. 14). At 9:10 and 10:25 fewer ants were under the 

“ 
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cover, and the circle formed by them was somewhat larger. At 1: 30 

the distance between the sand and the nearest ants was six-eighths of 

an inch, and a few more had entered the nest. At 3 p. m. (6 hours, 40 

minutes), about half the ants were under the cover, the nearest to the 

JEG Tks) 

repellent being three-eighths to four-eighths of an inch away (Fig. 

15). Two ants were seen to touch the sand with no ill effects. Ex- 

periment closed. 
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Experiment 5750, Coal-tar—March 15, at 3:50 p m., a small 

amount of coal-tar was placed at the center of a nest under the orange 

cover. The ants began to leave the nest at once, but only gradually. 

In an hour and forty minutes all were out of the nest except about a 

dozen which remained with the larve, seven-eighths of an inch from 

the tar. Half an hour later the ants were carrying these larve outside. 

By the following morning at 8:30 (16 hours, 40 minutes), about fifty 

ants were in one corner of the nest, distant five-eighths of an inch 

from the repellent, and this condition remained unchanged thru this 

day. Twenty-four hours later about a fourth of the ants were in the 

nest, but during this day they began to withdraw again, and by 8 a. m. 

of March 18 all were out of the nest but two, which with a few of 

the larve were one and a fourth inches from the tar, the other larve 

being outside on the base. By 1.30 of this day these larve had all 

been removed, and there was no further change until 8:30 of the 19th 

(3 days, 16 hours), when the ants began to return, about half of them 

being in the nest a fourth of an inch or more from the tar by 11: 50 of 
that day. Two days later, six days from the beginning of the experi- 
ment, about half the ants were under the cover, together with the 

larve. 

Experiment 5743, Apterite—March 5, at 11:35 a. m.,, apterite 

moistened with water was placed at the center of a nest. The ants 
were at first not very strongly repelled, but soon began to carry their 
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larve towards the edge of the nest. By 3:15 all the workers were out- 
side the nest except four, which were at one corner. Half of the 



39 

others were just outside on the edge of the nest, and the remainder on 

one corner of the base. Most of the larve had been carried out, al- 

tho a number between an eighth and a fourth of an inch from the 

tar had been left. (Fig. 16.) There was no return of the ants to this 

nest up to March 11, 6 days after the experiment was started. During 

all this period the colony stayed together on a distant corner of the 

base, so closely packed that a number were crowded off into the sur- 

rounding water every day and drowned. When the experiment closed, 

March 11, only about sixty ants were alive. 

Experiment 5790, Vaporite—March 5, at 11:30, a bit of moist 

vaporite at the center of a nest disturbed the ants but did not repel 

them violently. They were mostly outside the nest together with their 

larve when this was established, and by 3:15 only half a dozen ants 

had gone under the cover. The rest remained outside until 10:45 the 

following day, when about twenty were seen at one corner of the nest 

two and a quarter inches from the repellent. By 4:15 of that after- 

noon (28 hours, 45 minutes), there were about fifty ants in the nest, 

the nearest one and a half inches from the vaporite, but all the larve 

were still outside on the base. The ants now gradually returned, bring- 

ing their larve with them, until at 9 a. m. of March 7 they were all 

in the nest. The repellent was not removed until 8:45, March 11, nearly 

six days after the experiment was begun. At this time the ants nearest 

the vaporite were three-eighths of an inch away. 

Experiment 5791, Vermicide—April 14, at 8:15 a. m., sand 

soaked with vermicide and tested on a fresh colony, which had been in 

the cage for five days only from the field, drove them out in less than 

a minute, many of their larve being left behind together with five of 

the workers which had touched the vermicide and had then died. In 

fifteen minutes the ants were beginning to carry their larve out from 

under the cover, and piling them along the border of the nest, as 

shown in the following sketch (Fig. 17). By 3 p. m. there was 

nothing in the nest except some deserted larve (Fig. 18), and these 

conditions remained unchanged until two days had elapsed, when at 
8:50 a.m. April 16, a 4 X 4 cover was substituted for the smaller one. 

The ants paid no attention to this change, and the next day at 8:20 

a. m. a still larger orange cover 5 X 6 inches was put in place. This 

brought certain of the ants under its protection at one corner, and 

others moved under slowly until at 9: 39 about one-third of the colony 

were in the nest, the nearest two and a fourth inches from the repel- 

lent. This condition remained practically unchanged until 11:25 April 
19 (5 days, 3 hours), when the small orange cover with which the ex- 
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periment began was replaced. The sand seemed to have about. as 
much odor as at first. The ants, however, began to move under slowly, 

Alnts and “ 

Larvae 33 

\ 

Deserted Larvae 

ince. IV 

and at 10:30 April 20, some three-fourths of them were in the nest. 

Experiment closed. 
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Experiment 5752, Carbon Bisulfid—March 26, this material, ap- 

plied as usual, drove the ants immediately out of the nest, but owing to 

its volatility it soon lost its effect, and two hours and twenty minutes 
later they were practically all back, Continuing, however, to avoid the 

immediate vicinity of the sand for several days. 
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Experiments were made with a considerable number of additional 

repellents, to which the ants reacted so feebly or for so short a time 

that a detail of their behavior is unnecessary. Among these were 
pyrethrum powder, calcium carbide, capsicum, iron sulfate, chlorid of 

lime, and tobacco, the last applied in the form of a small piece of to- 

bacco plug which had been soaked in water. In the same class of sub- 

stances which were more or less disagreeable to the ants, but never- 

theless ineffective as repellents, were the following fertilizers: ground 

limestone, rock phosphate, acid phosphate, ground sheep-manure, 

kainit, ammonium sulfate, dried blood, bone meal, potassium sulfate, 

sodium nitrate, and tankage—the last, a vile-smelling material from 

the slaughter-house, so little offensive to the ants that many ef them ap- 

proached and crawled over it freely, and even placed their larve in 

contact with it. Later, they dealt with this material as they did in an- 

other case with sand—that is, they carried it out of the nest and de- 

posited it on the glass outside or threw it into the water -around their 
cage. By 1:15 p. m. the nest had been cleared and the ants were all 

at home. 

ADDITIONAL FIELD EXPERIMENTS WITH REPELLENTs, 1908 

After the failure of 1907 the experiments with repellents applied 

to the seed were repeated in 1908 on a much larger scale, in the hope 

of a more favorable season. The spring proved, however, to be similar 

to that of the preceding year, and the results were not materially dif- 

ferent. 

In a field of twenty-five acres near Galesburg, the use of which 

for our purpose was secured by contract with the owners, eight plots 

each twenty corn rows wide and eighty rods in length were planted 

on the 23d and 25th of May with seed treated with pure kerosene, 

kerosene emulsion, scalecide, oil of lemon, carbolic acid, and formalin, 

two plots of twenty rows each being planted at the same time with un- 

treated seed as checks. These materials were used in the following 

proportions: kerosene, 1 oz. to 4 gallons of seed; scalecide, oil of 

lemon, carbolic acid, each in 10 per cent alcoholic solution of which 3 

oz. were applied to a gallon of seed; kerosene-soap emulsion contain- 

ing 10 per cent of kerosene, also 3 oz. to the gallon; and formalin, 6 

oz. of a 3 per cent solution to the gallon. The original infestation of 

this field, ascertained by Mr. G. E. Sanders, April 22, was at the rate 

of forty-three nests to the mile of furrow. 
The weather of the spring at this place preceding the date of 
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planting is shown by the following extract from the field notes of Mr. 

Sanders, the responsible assistant in charge of this work. 

April 23, raining hard. 
April 24, rained steadily almost all day. 

April 27, raining more than half the time since 11 a. m. yester- 

day ; now cold with some snow. Ground saturated before these rains. 

May 1, showers today. 

May 6, rainy on the 4th and Sth, the soil now too wet for plowing. 

May 8, rained rather hard last night. 

May 14, rained very hard late the preceding night, the ground 

still too wet to work. 

May 16, rained during the night. 

May 25 hard rain during the night; too wet to plow on the fol- 

lowing day. 
May 28, rained during the night and all the morning. Also rained 

on nights of 27th, 28th, and 29th, and rained very hard nights of June 

6 and 7. 

June 12, rained in the afternoon. 

June 15, rains have prevented work in the fields since the 10th. 

It will be noticed that the ground was planted on two days after 

an interval of seven days since the last-mentioned rain, but that a hard 

rain followed immediately after the planting was finished, and that 

rain fell also on the second, third, and fourth days thereafter. 

The effect of the treatment of this field was determined in five 

different ways: (a) 500 hills were examined in each plot on each of 

five dates between June 6 and July 10, and 1,000 hills in each plot 

were examined June 16, record being made of the number of hills out 

of each 500 found infested by ants; (b) 10 hills infested by ants were 

dug up in each plot, including, of course, the checks, on three dates 

from June 1/7 to July 5, and the number of ants and root-lice found in 

2»ach of these hills was determined by counting; (c) the stalks and the 

vacant hills in 500 hills of each plot were counted June 17; (d) at 

husking time, in fall, the fertile and barren stalks in 1,000 hills of each 

plot, and the ears borne by these hills, were counted, the ears being dis- 

tinguished as small, medium, and large; and finally (e) the stalks and 

ears in 2,000 hills of each plot were counted, and the yield of ears for 

each 2,000 hills was weighed, 200 hills being taken for the purpose 
from each of ten rows at the center of the 20-row strip. 

As the last test was the most significant, its results are first given 

in the following table. 
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YIELD OF TWO THOUSAND HILLs FROM CENTRAL Rows OF EACH PLoT 
OF EXPERIMENTAL FIELD, GALESBURG, 1908 

ee ment: of ceed Number Number Weight of 
of stalks of ears corn in pounds 

Womem(checks))) s.s4-seee 3,695 2,996 1,560 
IKSEOSENC. fav ch conte fc meer 3,590 2,767 1,570 
Gamholicmacid tise eee nra er 3,197 2.506 1,450 
Sicallacncle teeny sotes oo ee 3,399 2,690 1,310 
Kerosene emulsion ....... 3,406 2,478 1,260 
@ilmote lemons. se ets. oe 3.422 2,587 1,260 
Porting = Aue ae eee 2.039 es) Sa 1,230 

From this it will be seen that the check plots and kerosene plot 

had the highest yields, and that the other experimental plots, men- 

tioned in the order of their yields, from highest to lowest, come as 

follows: carbolic acid, scalecide, oil of lemon, kerosene emulsion, and 

formalin. Two thousand hills of the kerosene plot yielded, indeed, 

ten pounds more than the checks, but this difference is too slight to be 
taken into account. In respect to the number of stalks in each 2,000 

hills, the checks stand first, and the other plots come in the following 

order: kerosene, oil of lemon, kerosene emulsion, scalecide, carbolic 

acid, and formalin. The difference of 105 stalks between the kerosene 

plot and the checks is only 3 per cent, and may probably be disre- 

garded; but the difference of 498 stalks (13.5 per cent) between the 

checks and the carbolic acid plot is too large to be ignored, while the 

loss of 1,656 stalks in the formalin plot out of a possible 3,695 (45 per 
cent) can only be explained as due to an origina! injury to the seed— 

a conclusion confirmed by reference to an earlier examination of the 

number of stalks and missng hills in 500 hills of each plot, made June 

17. At this time, while the checks averaged 931 stalks to this number 

of hills, the formalin plot contained but 647, and while there were 41 

missing hills in the checks there were 150 in the plot planted with 

formalin. The loss in the number of ears (36 per cent) due to the 

formalin treatment and in the total weight of the corn (21 per cent) 

puts this conclusion beyond a doubt. The fact that the loss in number 

of ears consequent upon a treatment of the seed with formalin was 

less than the loss in the number of stalks, and that the loss in weight 

of the total yield was still less than that in the number of ears, implies 

that the formalin took the greatest effect upon the poorest kernels 

which would have produced the weakest plants and the largest number 

of barren stalks. 

Something of the same tendency is shown in the results of the 
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carbolic acid experiment, where the loss in number of stalks was 13 

per cent and that in weight of the yield was only / per cent. \) Tite 

losses from the other experiments of this series were too small for 

such analysis. 

Our contract with the owner of this field provided that he should 

be reimbursed for any net loss of yield attributable to our experiments, 

and a comparison of the product of the experimental plots with that 

of the checks showing a loss for the whole field of 60 bushels and 23 

pounds of corn, a settlement was made with him on this basis. A tabu- 

lation and analysis of the data from the earlier counts of hills, stalks, 

ants’ nests, ants, and aphids in the different plots simply confirm the 

conclusion that no benefit was obtained from the treatment of the 

seed-corn planted in this field in 1908. Parallel experiments carried 

on in this field and intended to test the effect of deep cultivation and 

repeated harrowing and to show the consequences of a rotation from 

corn to oats will be described later in connection with other experiments 

of the same character. 

User oF REPELLENTS COMBINED WITH FERTILIZERS 

The outcome of our repellent work of 1907 and 1908 evidently 

called for a change of program. The amount of the repellent sub- 

stances which could be held by the hard, slightly absorbent corn ker- 

nel was so small that it was easily washed away by flooding rains and 

yet was sufficient to injure much of the seed, if placed in contact with 

it, whenever wet weather followed closely upon the planting. Either 

the idea of protecting young corn for a time from ants and root-lice 

by the use in the hill of substances offensive to the ants must be given 

up, or some safer repellents or safer and more effective methods of 

application must be found. As there is no possible advantage to the 

seed itself to be derived from the application of repellents to it, the 

corn kernels serving only as carriers of the repellent substances, it was 

plain that some other carrier might be used to which the repellents 

might be applied more freely and with less danger of injury to the 

seed-corn or the plant; and as it was desirable that the use of this 

carrier should be worth while in itself, a powdered fertilizer contain- 

ing ingredients commonly needed on Illinois corn lands was selected 

for the purpese. 

Experiments were begun along this line in 1910, by W. P. Flint 

and G. E. Sanders on the farm near Galesburg used in the field work 
of 1908. In traveling twenty and two-thirds miles behind the plow 

Flint and Sanders counted in the furrow 604 ants’ nests of the corn- 
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field ant, equivalent to 29.3 nests to the mile or 207 to the acre—a case 

of moderate infestation only. The substances selected for special trial 

in this field were those which had been found most offensive to ants 

in the laboratory experiments of Dr. Tanquary, already described in 

this paper. Choice was finally made of tincture of asafetida and oil 

of tansy, applied to bone meal to be dropped with the corn by an at- 

tachment to the corn-planter known as a fertilizer-dropper. The bone 
meal was used at the rate of 100 pounds per acre, and was treated 

with the repellents as follows: Where oil of tansy was used, a quarter 

of a pound of the oil was added to two quarts of alcohol and a quart 
of water, the fluids being then well stirred into the hundred pounds 
of the bone meal so as to mix the whole mass thoroly. The alcohol 

soon evaporated, leaving the oil of tansy well distributed thru the 

bone meal. The procedure with the tincture of asafetida was the same, 

except that the bone meal was treated with two pints of this fluid 

diluted with one and a half gallons of water. 

Plots containing 3,520 to 5,060 hills each—that is 32 to 46 rows 

wide and 110 hills long—were planted May 12 with each of these sub- 

stances, and similar plots were planted beside them, one with corn 

accompanied by plain bone meal and the other with no addition to the 
seed. 

At husking time the yield of 1,800 hills taken from the twenty 

central rows of each plot was separately weighed, with the result that 

a considerable difference was shown in favor of the plots which had 

received the repellent treatment. The untreated plot yielded at the 

rate of 26.2 bushels; that of the bone meal plot, 26.6 bushels; 

the bone-meal-asafetida plot, 31.8 bushels; and the oil of tansy plot, 

37 bushels. The gain was practically nothing for the application of 
plain bone meal, was 5.6 bushels for the use of asafetida, and 10.8 

bushels for the use of oil of tansy. The cost of materials in these ex- 

periments was $1.90 for the asafetida plot, and $2.95 for the oil of 

tansy plot, the increase in the yield of the first being thus obtained at 

34 cents a bushel, and that of the second at 27 cents. The general re- 

sult of this experimental change in the method of applying repellents 

at planting was the more encouraging because the gains above reported 

were made during a year quite unfavorable to corn owing to the very 

poor stand obtained. Cool weather after planting delayed germina- 
tion and gave moles, mice, gophers, and insects an unusual opportunity 

to devour the seed before it had started to grow. However, as it was 

impossible to separate the loss due in these unusual conditions from 
that attributable to infestation by root-lice, no exact estimate of re- 
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duced cost per bushel of the increase can be made for an ordinary year. 

There was nothing in the early inspections made to indicate any 

toss or injury of plants by these applications, and this notwithstanding 

the fact that the weather of the spring was on the whole decidedly 

rainy. The checks were planted May 11, and the experimental plots 

on the 12th. From a complete meteorological record kept from April 

16 to July 2, by Mr. W. P. Flint, who had principal charge of these 

experiments in the field, it appears that the rainfall of the last fifteen 

days of April was an inch, and that of May, 45/16 inches. Two and 
five-sixteenth inches of this May rain fell during the days of the 
month preceding the planting of the corn—1"% inches on the first, 1/16 

of an inch on the second, 5/8 of an inch on the seventh, and 1/8 on 

the tenth. The first rains to follow the plantings of May 11 and 12, 

were 1/8 of an inch on the fifteenth and 3/16 of an inch on the six- 

teenth. 

The complete record of rainfall, in inches, for the period referred 

to is as follows: 

April 16, snow, not measured. May 16, 3/16 inch. 

17, 9-16 inch. 19, 1/4 inch. 

22, V=l6) inch. 21, ‘1/16: inch. 

23, unmeasured snow. 22, 1/4. aneht 

24, unmeasured snow. 23, trace. 

26, 1/4 inch. 25; trace: 

30, 1/8 inch. 28, 21 /S*imch: 

May “il; IL/2-itnch:. June 4, 1/8 inch. 

2, 1/16 inch. 8, 1/4 inch. 

7, 53 Anen: 18, 1/8 inch. 

10, 1/8 inch. 27, 3/4 inch. 
15, 1/78 inch, 

The temperature of ten days before the planting period averaged 

78.6 degrees F. as a maximum, 41.3 degrees as a minimum, and 59.95 

degrees as the mean. Those for ten days after the planting of the 

plots were: maximum, 83.6; minimum, 48.2; and mean, 65.9. The 

maximum reading of the first period was 92 degrees, and the minimum 

was 29. For the second period the maximum was 97 degrees, and the 
minimum, 29. With a rainfall of 1.7 inches for the first of these ten- 

day periods and a mean temperature, in the sun, of 60 degrees; and a 

rainfall of .94 of an inch for the second period and a mean sunshine 

temperature of 66 degrees, the weather of this planting-time may 

properly be described as cool and wet. The following is a complete 

record of temperatures from April 16 to July 2, as registered by a 
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Taylor maximum and minimum thermometer, fastened to a stake in 
the unshaded air, at three feet above the ground. 

TEMPERATURE RecorpD, ApriL 16 To JuLy 2, 1910 

Date Max. Min. Mean Date Max. Min. Mean 

April May 
16 74 41 By 3) 26 108 33 70.5 
17 66 29.5 45 27 105 52 78.5 
18 48 34 41 28 85 61 73 
19 60 32 46 29 84 52 68 
20 78 31 54.5 30 75 42 58.5 
21 | 82 45 |. 6325 31 78 42 60 
ae, 48 | 50 ‘| 49 June 

23 32 26 |“ 29 1 79 41 60 
24 42 20) |. -31 | 2 94 39 66.5 
25 50 40 Wed 3 80 43 61.5 
26 50 44 47 4 84 60 72 
27 96 49 easy AN 5 84 49 66.5 
28 88 60 74 6 99 36 67.5 
29 92: 50 71 7 94 52 73 
30 85 | 48 66.5 8 88 48 68 
May 9 88 53 69 
all | 88 54 7\ 10 102 45 73.5 
2 58 39 rea se5 11 113 46 79.5 
3 82 29 | 5935 12 el 50 80.5 
4 81 29 55 13 93 64 78.5 
5 82 42 62 14 101 58 79.5 
6 70 42 56 15 102 56 79 
if 74 46 60 16 94 59 76.5 
8 73 44 56\25) |! 17 93 66 79.5 
9 86 40 63 18 98 67 82.5 

10 92 48 70 19 98 62 80 
11 68 38 53 | 20 98 63 80.5 
12 68 30 49 21 102 62 82 
i 75 29 52 22 101 67 84 
14 89 39 64 23 103 68 85.5 
15 77 51 64 24 99 63 81 
16 78 52 65 25 96 64 80 
17 64 44 54 26 — — a 
18 88 45 66.5 27 | 94 62 78 
19 88 bye, 70 28 97 58 Nil 5 
20 91 SF 74 29 101 64 82.5 
21 97 58 TA 30 100 68 84 
22 89 55 72 July 
23 86 46 66 1 101 70 85.5 
24 78 41 59.5 2 86 69 Hd 5) 
25 80 43 Use alll 

-. Additional records were made at several dates from May 23 to 

June 8, of the condition of these plots with respect to amounts of in- 
festation by ants and aphids, with respect to the number of stalks per 

hundred hills, and the height and thrift of the same on the 11th of 

July (two months after planting), and with respect to the number of 

eats‘in’ each’ plot, of the three grades “poor,” “medium,” and “good.;” 
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but these records neither add to nor subtract from the significance of 

the data of difference in final yield already given, and hence need not 
be reported in detail. 

The general result of this field experiment with repellents applied 

with a fertilizer dropped in the hill leads us to prefer this to the direct 
application of the repellent substance to the seed-corn, and encourages 

us to believe that this may sometimes serve as a partial and temporary, 

but highly profitable protection to the young plant. It may he used to 

best advantage where corn is planted on old corn ground which is 

heavily infested by ants having an abundance of- root-aphid eggs in 

their possession. 

The use of repellents for the protection of young corn has at best, 

however, some very serious drawbacks apart from the cost of the ma- 
terials used. It is necessarily only temporary, since the repellent sub- 

stances applied must evaporate in order to be repellent, and hence will 

presently weaken and finally disappear. It is uncertain in its results, 

very wet weather tending to wash away the fluids; and there still re- 

mains the danger that under certain weather conditions it may injure 

the seed or the young plant even when applied with the fertilizer as a 

carrier, our experiments not having been sufficiently numerous and 

varied to cover all possible or probable variations in moisture, temper- 
ature, and the like. Since repellents do not kill or directly injure either 

ants or aphids, they can do little or nothing to diminish immediately 

the actual infestation of the field. Furthermore, they do not wholly 

exclude these insects from the corn fields, but only diminish for a time 

the number which find life tolerable among the roots in the treated 

plots. Finally, our experiments with plots separated by untreated 

strips or checks are open to the suspicion that the ants repelled are 

simply driven temporarily to these check strips, with the result that 

our data of difference of treatment between check and experimental 

plots may be exaggerated. It is possible that if an entire field were 

treated, the ants, having no untreated cover in which to take refuge, 

would remain in the treated hills in larger numbers than they did un- 

der our experimental conditions. Some method which will actually 
destroy the aphids or ants, or both, in a heavily infested field, is there- 

fore much to be desired, and if this method is simply a variation or 

modification of ordinary agricultural practice, requiring no special ap- 
paratus or materials, it will have great and obvious advantages. 

ROTATION AND CULTIVATION METHODS 

Two such methods have been especially advised: one, a quick 

rotation of crops such that no field will be in corn more than one or 
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two years without a change to some crop on which the root-lice can 

not live; and the other, a deep plowing and repeated deep stirring of 

infested corn-fields before they are planted to the next year’s crop, so 

timed and managed as to break up the nests of the ants and to scatter 

their contents—their delicate eggs and larve, and the eggs and young 

of the root-lice—so thoroly that these will be lost to their attendant 

nurses and protectors and will perish for lack of care and food. 

Several attempts were made by us, additional to those already 

published, to test the effect and value of this deep cultivation method, 

and we had one excellent opportunity to observe accurately the effect 

of a change of crop. 

CULTIVATION EXPERIMENTS AT BLOOMINGTON 

In July, 1909, a field of five acres near Bloomington, IIl., already 

in corn and heavily infested with ants and root-lice, was rented for our 

use and was plowed for replanting July 9, 10, and 12. It was my pur- 

pose in the main experiment to test the effect on the ants and aphids 

of certain variations in the preparation of the ground for corn. The 

principal part of the field rented was divided into five plots, each five 

rods wide by twenty rods long, and each plot was separately plowed, 

with an unplowed strip from three to five feet left between it and the 

plot next to it. Our object in leaving these unplowed strips was to 

provide an undisturbed place of retreat for the ants which would en- 

able the observers to detect and trace the escape of the colonies if our 
operations had the effect to drive them out of the experimental plots. 

The plow was followed in each of these plots, with the result that 

113 ants’ nests were seen in 500 rods of furrow. This is at the rate of 

72 1/3 nests to the mile of furrow fourteen inches wide, a number 

equivalent to 512 nests to the acre. 

Owing to the fact that the field was already in young corn, these 

data of infestation obtained by counting the nests broken into and 

turned out when the ground was plowed in July are hardly compar- 

able with those obtained during the first spring plowing of other fields. 

In spring the ants are concentrated in their hibernating colonies, but 

these family groups become considerably subdivided among the corn 

hills after the corn has begun to grow. 

All the experimental plots, Nos. 2-5, were plowed as nearly as 

possible to a depth of six inches. The check plot, No. 1, was plowed to 

a depth of four inches, then harrowed twice with a toothed harrow 
working about two and a half inches deep, and planted on the 22d of 
July. Plot No. 2 was disked three times—July 13, 16, and 19—with a 
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20-inch disk working to a depth of five or six inches, was harrowed 
once July 20, the teeth of the harrow penetrating the very loose soil 

to a depth of about four inches, and was planted July 22. Plot 3 
had the same treatment except that a 16-inch disk was used, working 

to a depth of not more than three or four inches, and it was then har- 

rowed to a depth of three inches only. Plot 4 was treated precisely 

like Plot 2 except that it was harrowed a second time with a toothed 

harrow after three diskings with the 20-inch disk. Plot 5 was also 

treated like Plot 2 except that the three diskings were doubled, the disk 

lapping over half its width upon the ground disked the preceding 

round. It was thus not only stirred more thoroly than the other 

plots, but more deeply also, since the overlapping half of the disk cut 

to a depth of six or seven inches. 

These various treatments enabled us to analyze the effects of a 

preparation of the soil which included disking three times in compari- 

son with those of another preparation like it except that these three 
diskings were omitted; the comparative effects of three double disk- 

ings and three single diskings; and the effects of three stirrings of the 

soil with a 16-inch disk as compared with those of a 20-inch disk. We 

were also able to compare the effects upon the ants’ nests in the field 

of plowing to a depth of four inches and of six inches respectively. 

In Plot 1, plowed four inches deep, 52 nests were examined of 

which only 8 were completely turned out by the plow, the 44 others 
being only partly turned out or merely uncovered, while in the four 

other plots, plowed to a depth of six inches, 376 nests were found, of 

which 321 were completely turned out, 55 being partly thrown out or 
merely uncovered. Stated in percentages, 15 per cent of the ants’ 

nests were wholly thrown out at four inches, and 85 per cent at six 

inches. 

In a similar comparison made in the fall of this same year in the 
Galesburg field on a larger scale, still more positive evidence was ob- 

tained that the four-inch plowing in fall does not effectively reach the 

nests of the corn-field ant. Two hundred nests were especially ob- 

served in ground plowed to a depth of four inches, and 300 in ground 

plowed six inches deep, and it was found that only half of 1 per cent 
of the nests were wholly overturned by the four-inch plowing, 99% 
per cent being partly overturned or merely uncovered, while in the six- 

inch plowing 58 per cent were overturned completely and 42 per cent 

were partly so. To break up and scatter the nests of the ants the 
ground should be plowed at least six inches deep, and seven inches 

would be safer. 
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This plowing was done in November, however, after there had 

been several hard frosts, which have the effect to drive the ants deeper 

into the ground to escape the cold. 

No accurate weather record was kept at the Bloomington experi- 

mental field, but the observers’ notes show that three ‘‘rains’’ (one very 

heavy ) and seven “showers” (four of them “slight” or “ very slight” ) 

fell during the forty-nine days from July 5 to August 22. The longest 

interval without rain was from July 30, when there was a ‘“‘shower,” 

to August 10, when there was a “‘slight shower.’”’ The “rains” fell on 
July 5 and 26, and August 13. 

As this field was plowed for us too late to mature a crop, the ef- 

fects of the several treatments could be learned only by an inspection 

of the growing corn. The principal observations were made by dig- 

ging up ninety hills (practically one complete row) in each plot on 

seven different dates from July 28 to August 18—making a total of 

3,150 hills examined—and noting for each the number of hills in- 

fested by ants and by aphids respectively, and the total number of 

ants and aphids in the infested hills. 

BLOoMINGTON EXPERIMENT, 1909. INFESTATION oF PLors 1-5, 6 Days 
AFTER PLANTING. 90 HILLS FROM EACH PLoT 

Hills infested Ants in in- Hills infested | Aphids in in- 
No. of plot by ants fested hills by aphids fested hills 

1 51 2,200 29 775 
2 29 1,800 21 706 
3 39 2,075 31 1,086 
4 13 af5 12 337 
5 16 365 14 256 

Assuming that the check plot was a fair index to the general in- 

festation of the field, and that the ninety hills dug in this plot July 28, 

six days after planting, were a fair sample of the 2,100 hills in the 

whole plot, and making a like assumption concerning the ninety hills 

dug this day in each of the other plots, we find that disking three 

times with a 20-inch disk with intervals of three days between the 

successive disking, and harrowing once the next day after the last 

disking, had reduced the number of hills infested by ants from 51 out 

of 90 in the check plot down to 29 out of 90 in Plot 2, a decrease of 

43 per cent; that the total number of ants in the infested hills had been 
diminished by 18 per cent; and that the number of hills infested by root- 
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lice had been diminished by 27 per cent and the number of root-lice 

themselves by 9 per cent. A much more marked difference was that 
between the check plot and plots 4 and 5. If these two plots are taken 

together as one double plot, the numbers from plot 1 also being doubled, 

of course, for comparison, the treatment of three diskings of plots 

4 and 5 with a 20-inch disk and harrowing once or twice appears to 
have reduced the number of infested hills, as shown six days after 

planting, from 102 to 29 (71 per cent), and the number of ants from 

4,400 to 740 (83 per cent); the number of hills infested by root-lice 
from 58 to 26 (86 per cent), and the number of root-lice from 1,550 to 

593 (61 per cent). There is no very clear reason why Plot 4 should 

have been less heavily infested than Plot 2, since 4 differed from 2 

only by one additional harrowing. Both received the same treatment 

otherwise; but there was an interval of three days—July 10-13—be- 

tween the plowing of Plot 2 and the first disking, while Plot 4 was 

first disked the next day, July 13, after the plowing was done. It 

seems possible that the shower of rain which fell at 11 a. m. July 12, 
may have so compacted the earth and disturbed and practically para- 

lyzed the ants that these insects were less able to reach and reinhabit 

their homes; or it may be that the three days’ interval between the 

first tearing up of their quarters and the first disking enabled them to 

put their affairs substantially to rights. 

A more perplexing exception is presented by Plot 3, which, it will 

be remembered, differs from all the others by the fact that it was 

disked with a 16-inch disk which stirred the ground to an average 

depth of two inches less than the 20-inch disk used on the other plots. 

The toothed harrow worked also to an estimated depth of an inch less 

than in the other plots. The effect of this difference would be to leave 

the deeper two or three inches of the ground turned up by the plow 

undisturbed by the subsequent operations. Possibly for this reason 

but little effect seems to have been produced by the disk on Plot 3, 

which differed from the check July 28 by a reduction of only 23%4 

ver cent in the number of hills infested by ants and of 6 per cent in the 

number of ants in 90 such hills; while in respect to the aphis infesta- 
tion the figures for this plot were greater than those for the check. 

At the next digging, three days later (July 31), it is true, these latter 
figures fell much below those of the check—a 35 per cent reduction for 
the number of hills infested by root-lice and a 59 per cent reduction 
for the number of root-lice themselves—and it is possible that the first 
discrepancy is simply one of those “chance” occurrences common in 
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this kind of investigation with comparatively small numbers of vari- 

able data. 

If we compare Plots 2 and 3 for the first digging only, with a 

view to a judgment of the relative efficiency of the 20-inch and the 

16-inch diskings we shall find that Plot 3 (16-inch disk) shows an in- 

crease over Plot 2 (20-inch disk) of 34 per cent and 48 per cent in the 
number of hills infested by ants and by aphids respectively, and a dif- 

ference of 13 per cent and 35 per cent in the respective numbers of 

these insects themselves. 
Plots 4 and 5 show no difference to suggest any advantages in 

double disking over single disking, the percentages of increase and de- 

crease switching back and forth from one to the other in a haphazard 

way. On the whole, there is clear evidence in the general outcome of 

this branch of the Bloomington field-experiment that infestation by 

ants and root-lice is decidedly reduced by deep plowing and repeated 

deep disking as a preparation for planting to corn. 

EFFECTS OF TREATMENT AS SHOWN BY NOCTURNAL 

MOVEMENTS OF THE ANTS 

Another branch of the work of Sanders and Flint, which was 

done largely at night by the aid of dark lanterns used in watching the 

movements of the ants, threw new light on the efficiency of these 

methods and led to the amendment of our experimental program for 

the following year. The freedom and activity with which the corn- 

field ant moves about thru the loose earth in a recently cultivated 

field, and the long journeys which whole colonies readily make under 

ground to escape from a disturbed situation to a stable one, carrying 

with them their entire stock of root-lice and ant larve, led us to see 

that these insects are as well adapted to their subterranean life as are 

their allies to life on the surface or in the open air. 

One of the consequences of this power and habit of free move- 

ment and migration under ground was that within a month (27 days 

exactly) after planting, the first three of our narrow plots, that is the 

check and plots 2 and 3, were in virtually the same condition as to 

ants and aphids. Plots 4 and 5, originally the most affected by the 

treatment, alone showed any noteworthy difference from the check in 

the degree of infestation. According to counts made August 18, these 

latter plots, taken as one, were shown still to differ from the check by 

a decrease of 14 per cent and 19 per cent in the number of hills in- 

fested by ants and aphids respectively, and by 20 per cent and 32 per 

cent in the number of ants and aphids themselves. The corresponding 
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ratios July 28, had been 71 per cent, 83 per cent, 56 per cent, and 61 
per cent, and it is possible that even in these plots the ant and aphis 

population was, thru active dispersal under ground, rapidly be- 

coming equalized with that of the other plots. The following year, 

experiments which will be described in another section were made to 

test the utility of heavy rolling immediately after each disking, to make 

subterranean movement slower and more difficult and the search for 

scattered eggs and root-lice less successful. 

In plowing the Bloomington field, unbroken strips three to five feet 

wide had been left between the plots experimented with, but no suf- 

ficient strip was left beside the second plot, and this was consequently 

omitted from observation. The movements of the ants across the fur- 

row separating the experimental plots from the unbroken strips were 

observed continuously by Flint and Sanders in turn for the whole of 

every night from July 16 to August 22 inclusive, a total of 38 days. 

The ants in crossing the furrows to escape from the plowed and har- 

rowed plots followed fixed lines. Each of these was marked by the 

observers as soon as established, and the number of ants seen in mo- 

tion on it was noted and recorded for every night, equal times being 

spent on the different lines. Migration lines were established as fol- 
lows by the ants moving out of the several plots: Plot 1 (check) 24 

lines; Plot 3, 53 lines; Plot 4, 58 lines; Plot 5, 60 lines,—a total of 195 

lines observed, and an average of 57 lines for the experimental plots as 

against 24 for the check. These lines were not all in use at any one 

time. They seemed to be established by separate colonies, and al- 
tho 116 lines were in operation on the first day’of the observation, 

others were added from time to time as follows: 11 on the second 

night, 14 on the third, 8 on the fourth, 7 on the fifth, 1 on the sixth, 

none on the seventh, 3 on the eighth, 1 on the ninth, 4 on the tenth, 

13 on the eleventh, 3 on the twelfth, and none on the thirteenth, the 

remaining lines coming two or three at a time up to the 16th of 

August, after which no new lines were started. Some of these later 

lines doubtless illustrate the normal movements of ant colonies in a 

corn field, but the fact that over 59 per cent of them were started on 
the first night shows-that most of this movement was caused by the 

stirring of the ground in the experimental plots. The number of mi- 

gration lines running from the experimental plots averaged, it will be 
noted, 2% times those from the check,-and the difference in the mi- 

gration movements of the ants becomes still more evident when we 

compare the numbers of ants seen by Flint and Sanders on these lines. 
They amount to a total of 2,860 for the check (Plot 1), 8,973 for Plot 
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3, 8,069 for Plot 4, and 10,096 for Plot 5—an average of 9,046 for the 

three experimental plots, which is more than three times the number 

seen escaping from the check. 

In order to show how much of the foregoing migrations ought to 

be attributed to the merely ordinary underground movements of the 

ants to and fro when undisturbed, a single furrow was plowed July 

29, down the center of each of the five plots, its whole length, and the 
movements of the ants across these furrows were observed nightly 

from that date till August 24, a period of 27 days. During this time 
migration movements were started across the furrow as follows: Plot 

1, 22 lines; Plot 2, 14 lines; Plot 3, 19 lines; Plot 4, 16 lines; Plot 5, 

14 lines,—an average of 17 lines per plot. We ought evidently to sub- 

tract this number from the experimental numbers given above, as an 

allowarice for the results of the usual movements of the ants under 

ground, the residues remaining as the effect of the stirring of the 
soil. So corrected the numbers for the lines of the experiment are: 

Plot 1, 7 lines; Plot 3, 36 lines; Plot 4, 41 lines; Plot 5, 43 lines,—an 

average of 40 lines for the experimental plots as against 7 for the 

check; five and a half times as much migration out of the former as 
out of the latter. Indeed, the movements across the central furrows 

of the plots plowed July 29, are the proper check on the results of a 

disturbance of the soil, and so applied we find the numbers of mi- 

gration lines last mentioned may be taken as those due to the treatment 

of the several lots. The numbers of ants involved in movements across 

these five furrows averaged 4,383 to the plot, a number to be com- 

pared with the average of 9,046 seen on migration lines between the 

experimental plots and the intermediate unbroken strips. This com- 

parison indicates that more than half the recorded active movements 

of the ants were due to the treatment which the plots had received. 

From these various experiments and comparisons it is evident that 

the great majority of the migration movements of the ants were move- 

ments of escape from the area in which they were being disturbed. 

EFFECT OF DISKING AND SUBSEQUENT ROLLING 

The freedom and activity of the migration movements of the ants 

in the very loose open soil of our 1909 Bloomington field led me to 

surmise that the so-called cultivation method might be improved upon 

by using a heavy roller to compact the earth after disking, and the ef- 

fects of this treatment were tested the following year, 1910, at Gales- 

burg. Here a plot forty-six rows wide and a hundred and ten rows 

long was plowed May 5 to a depth of six inches, disked three times, 
harrowed once.*and rolled after planting, another plot of the same 
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size, planted at the same time, having been plowed as a check to a 

depth of four inches and harrowed once without disking. The yield 

of the latter was at the rate of 20.4 bushels per acre, and of the former 

at the rate of 33.15 bushels per acre, a gain of 634 bushels, or nearly 
25 per cent. The cost of these three diskings and one rolling was esti- 

mated at $1.50 per acre, making the cost of the increased yield 22 
cents a bushel. As there was a poor stand, owing to the character 

of the spring weather, the cost of the increased yield would have been 

measurably less per bushel if a fair stand and start had been secured 

in the beginning. 

In another experiment made at this same time and place the com- 

parative values of one, two, and three diskings were brought into com- 

parison, the treatment of the plots used being otherwise identical. For 

this purpose three plots, each a hundred and sixty corn-rows long by 

thirty-three rows wide, nearly an acre and a half in area and contain- 

ing 5,280 hills, were specially plowed June 2. This ground had been 

used earlier for an experiment with fall plowing and disking as com- 

pared with the same treatment in spring; and the tract was now di- 

vided, to insure an equal character and condition, into plots at right 

angles to the earlier ones. One of these, Plot 9 of the year’s series in 

the Galesburg field, was plowed six inches deep June 2, disked three 

times, June 3, 4, and 6, with a 20-inch disk to a depth of five inches, 

leveled with a toothed harrow June 6, rolled June 7, lightly harrowed 

to a depth of two inches the same day, planted, and finally rolled after 

planting. Plot 10 was treated in like manner except that it was disked 

but twice, and Plot 11 differed onlv in the fact that it was disked but 

once. Eighty-five per cent of the ants’ nests in these plots were com- 

pletely turned out by the six-inch plowing and the other 15 per cent 

were split by the plow, a part of each nest being left undisturbed in 

the bottom of the furrow. Fifty nests were marked in each plot as it 

was plowed, so that they could be identified later when the field was 

disked. 2 

At the first disking 45 per cent of these 150 nests, containing an 

average of 21 ants and 2 larve each, were found inhabited, the re- 

maining 55 per cent of the ant colonies having already disappeared. 

This observation indicates the effect of the plowing merely in dis- 

persing the ants and breaking up their nests. Of the hundred marked 

nests in plots 9 and 10, 30 per cent were still inhabited at the second 

disking, with an average of 12 ants and no larve in each, 70 per cent 

of the colonies being now broken up by the plowing and a single disking. 
The three plots of this June planting encountered much _ better 

weather than those of the regular planting in early May, and the stand 
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was good while that of the May plantings was very poor. At husking 

time the yield of 1,800 hills taken from the twenty central rows of each 

plot was separately weighed, with the result that the several plots 
showed yields per acre as follows: Plot 9 (thrice disked), 59.75 
bushels; Plot 10 (twice disked), 60.73 bushels; Plot 11 (once disked), 
64.7 bushels. In other words, the additional diskings beyond the first, 

seemed to reduce the yield by 6.1 per cent for one additional disking, 

and by 7.7 per cent for two additional diskings. It would seem that 

under the circumstances. of this experiment, some agricultural disad- 

vantage followed the additional diskings which more than counter- 

balanced the advantages due to a repeated breaking up of the nests of 

the ants. Unfortunately no fair check plot was made for contrast 

with the three plots used in this experiment. It was assumed at the 

time that the checks of the original May planting would serve for this 

planting also—a supposition disappointed by the great difference in 

the weather of the two periods. 

Errect oF [faLL PLOWING COMPARED WITH THAT OF 

SPRING PLOWING 

‘or the purpose of determining whether fall plowing and disk- 

ing of an infested field was to be preferred to spring treatment, three 

plots, Nos. 1, 2, and 3, in this Galesburg field, were plowed in the fall 

or2702) No. 3 to a depth of four inches only, and the others six 

inches deep. Plot 3, plowed October 29 and 30, received no further 

treatment in the fall; but it was necessary to disk it once in spring in 

order to loosen up the plowed ground, and afterwards to harrow it 

before planting. Plot 2 was plowed October 29, and disked three times 

in succession in fall, and disked once in spring and harrowed also as 

an immediate preparation for the planting of the corn. Plot 1 was 

disked three times in fall, and rolled immediately after each disking, 

and it was also disked twice in spring. Plot 6, a spring-plowed check 

upon these fall-plowed plots, was broken up four inches deep May 4, 

and harrowed once before planting. All these plots were planted on 

the 11th of May. Plots 1, 2, and 3 were kept until the first of June, 

when the ground they occupied was plowed and replanted for an- 

other experiment, already described, as plots 9, 10, and 11. 

In the meantime a row of 90 hills of corn was dug from the cen- 

tral part of each of these four plots on each of five different dates, 

May 23, 25, 28, 30, and June 1, amounting to 450 hills for each plot; 

and the usual counts were made each time of the number of hills in- 

fested with ants, the total number of ants and aphids respectively, 
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and the total number of these insects found in each row. The follow- 

ing table gives the totals of all these counts. 

INFESTATION OF PLoTs PLOWED IN FALL AND IN SPRING 

No. of Hills with | Hills with | Total No. | Total No. 
plot ants aphids of ants of aphids 

1 50 31 1,125 348 Fall plowing 
2 55 on 1,395 310 Fall plowing 
3 41 20 1,215 295 Fall plowing 
6 116 82 4.150 1,419 Spring plowing 

Plots 3 and 6 differ only in the fact that 3 was fall-plowed and 

disked once in spring, while 6 was spring-plowed and not disked at all. 

From a comparison of the data of these plots it appears that the 

fall plowing and single spring-disking of 3 had a decided effect to 
reduce the ant and root-louse infestation, this being only about a fourth 

to a third as great in Plot 3 as it was in 6. On the other hand, a com- 

parison of the data for plots 1, 2, and 2 shows practically no increased 

advantage due to the more thorogoing treatment of plots 1 and 2 

as compared with 3. 

ROTATION OF CROPS WITH FALL PLOWING 

Advantage was taken by Mr. Sanders at Galesburg in 1908 of the 
fact that there lay immediately beside the field used in our experi- 

ments another field which was to be planted to corn, but which had 

been in oats in 1907. For the four years before this it had been in corn 

continuously, while the experimental field had all been in corn without 

interruptior since 1904, and a part of it since 1903. 

An experimental plot planted on this oats stubble, and treated like 
our checks and our other experiments, would thus give us a means of 

judging of the effect upon root-aphis infestation of a change for one 

year from corn to oats. Such a comparison was complicated in this 

case, however, by the fact that the oats field had been all plowed in 

the fall of 1907, while the experimental field was not plowed until the 

spring of 1908. What was actually got by planting a plot in the oats 

field was consequently a chance to observe the apparent effect of rota- 

tion and fall plowing combined. 

This plot, like the others beside it, was 20 rows wide and 200 hills 

long, thus containing 4,000 hills. In the fall of 1907 it was merely 

plowed, to a depth not stated, and on the 19th of the following May it 

was disked and harrowed. The two check plots in the experimental 
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held, each likewise containing 2,000 hills, were plowed in May to a 
depth of five inches, and, like the stubble plot, were disked once and 
harrowed. Another experimental plot of the same size, known as the 
cultivation plot, was plowed May 12 to a depth of seven inches, 
disked three times, on the 15th, 19th, and 22d of May, the disk work- 
ing the last time to a depth of four to four and a half inches, and har- 
rowed. All these plots were planted on the 22d and 23d of May. The 
following table gives Mr. Sanders’s data of yield obtained November 
15, when the crop from these plots was harvested. 

CoMPARATIVE YIELD OF CorN IN CHECK Phorts, Cuttiva- 
TION PLot, AND AFTER Oats, 2,000 Hitts 

EACH, GALEsBuRG, 1908 

Plots | Stalks Ears Weight 

Check 3,712 2,929 | 1,505 

Soro | 3064 || teas 
Average 3,695 2,996 | 1,565 

Cultivation 3,794 3,074 1.720 

Oats 55905 3.528 eae 1050 

Compared with the average yield of the checks, the plot in the 

fall-plowed oats stubble bore nearly 6 per cent more stalks than the 

checks, 18 per cent more ears, and 25 per cent more corn by weight. 

Compared with the cultivation plot, the differences in favor of the stub- 
ble plot were nearly 3 per cent in the number of stalks, more than 1] 

per cent in the number of ears, and more than 13 per cent in the 

weight of the crop. 

There are several unknown elements capable of affecting this 

comparison, for we know nothing of possible differences between the 

oats and corn fields in respect to their fertility and other conditions due 

to their previous cropping and treatment, and we are also ignorant of the 

possible influence of differences in the weather at the times when the 

plowing was done in fall and in spring. There is additional evidence, 

however, that the advantage of the stubble plot was due, at least in part, 

to the smaller number of root-lice harbored by it early in the season. 
Twenty infested hills were dug from each of these plots and all the ants 
and aphids contained in them were counted on the 9th of June, and again 

on the 15th of that month, and similar counts were made from ten in- 

fested hills dug up in each plot June 23 and July 5. 
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ToraL Counts oF ANTS AND APHIDS, GALESBURG, JUNE AND JuLy, 1908 

Plots ‘Insects | June9(20) | June 15(20) | June 23 (10)| July 5 (10) 
Site vi Se SS ee | 

Checks) ..t5206> = Ants 583 861 455 695 
Aphids 153 551 397 638 

(Cea a ea Ants 564 819 877 635 
Aphids 15 48 67 605 

Cultivation ..... Ants 588 1,057 775 615 
Aphids 159 529 378 335 

From the above tabulation of the totals for these dates, it will 

be seen that while the oats plot contained about as many ants as any 

of the others, it contained only about a tenth of the number of root- 

lice found in the other plots at the first three counts; and these were 

no doubt migrants from the other plots or the descendants of such 

migrants. That it should have been so invaded by root-lice from ad- 

jacent plots by the 5th of July, over forty days after planting, that 

the infestation was now virtually equalized, is consistent with what 

we have found in similar cases, and it illustrates forcibly the fact that 

no field of corn is safe against this insect, even tho it may start 

free from the root-lice in spring, as long as adjacent fields are in- 

fested by it. Nevertheless, the larger yield of the oat-ground plot 

than that of the cultivation plot indicates, as we should anticipate, that 

rotation to oats makes in the end a more effective clearance of a field 

than a deep spring preparation of the soil. 

The fact must not be overlooked, however, that rotation to small 

grains acts slowly in spring, giving the ant-aphis inhabitants of the 

held sufficient food for some time, and ample opportunity to move, on 

foot and on the wing, to other fields, while deep and thoro stirring 

produces its effect at once, before the planting-time of the corn, killing 

and keeping down the food plants of the aphids, and so dispersing 

and disarranging the insect colonies as greatly to reduce the numbers 

of the root-lice. 

SUMMARY 

1. The principal measures of protection against the corn root- 

aphis are rotation of crops; an early and deep plowing, followed by 

the repeated deep disking, of corn ground heavily infested by ants or 

known to have borne a crop injured by the root-aphis; and the use of 

repellent substances at planting-time, not by direct application to the 

seed, (which is dangerous to germination and early growth,) but by 

previous mixture with chemical fertilizers or other powdered sub- 

stances, to be dropped with the seed by means of a fertilizer-dropper 

attached to the corn-planter. Pages 1-4. 
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2. Articles already published in the Twenty-fourth and Twenty- 

fifth reports of the State Entomologist’s office show marked benefit in 

field experiments with deep plowing and repeated deep disking, and 

also as a consequence of the treatment of seed-corn with oil of lemon 

previous to planting, the last statement being based upon a single field 

experiment made in 1906. Pages 4-6. 
3. List of operations described in this paper. Pages 6-7. 

4. Experiments of 1907 show that wet weather at planting-time 

may either result in serious injury to the seed if repellents have been 

applied to it direct, or in such washing away of the repellent sub- 
stances that they produce no effect either on the seed or on the ants 

and aphids, the character of the effect apparently depending on the 

amount of rainfall and on its relation to the time of actual planting. 

Comparative experiments show that the injurious effects reported 
were not due, as at first surmised, to differences in the quality of the 

repellants used in different operations. Pages 7-21. 

5. Laboratory experiments with a considerable variety of repel- 

lents applied by uniform methods to colonies of the corn-field ant in 

a special cage, showed that oil of tansy, oil of lemon, anise oil, tincture 

of asafetida, apterite, and vermicide were very strongly repellent, that 
kerosene, camphor, and coal-tar were less effective repellents, and that 

a considerable number of other substances tested were, if repellent at 

all, too slightly so to make them practically useful. Pages 21-41. 
6. Additional field experiments made in 1908, in a spring season 

which proved to be very wet, resulted in no injury to the seed, and on 

the other hand in no benefit to the crop, flooding rains apparently 

washing away the repellents before they could take effect upon either 

the seed-corn or the insects. Pages 41-44. 

7. Experiments made in 1910 with tincture of asafetida and oil 

of lemon, applied first to bone meal which was then dropped with the 

corn by means of a fertilizer-dropper attachment to the planter, and 

tested by the yield at corn-husking, showed a gain of 5.6 bushels per 
acre by the use of asafetida, and 10.8 bushels per acre by the use of 

oil of tansy, the first gain being obtained at a cost for materials and 

additional labor of thirty-four cents a bushel, and the second gain at 

twenty-seven cents a bushel. This result was the more encouraging 

since a very unfavorable spring caused an unusually poor stand and 

reduced greatly the general yield of corn. In a good corn season the 

gain would have been greater for the same cost. Pages 44-48. 

8. Additional experiments with deep plowing and repeated disk- 
ing made in 1909 showed, in one case, a decrease, due to the treatment, 

of 43 per cent in the number of hills infested by ants, and 18 per cent 
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in the number of ants in the infested hills, and a decrease of 27 per 

cent in the number of hills infested by root-lice and of 9 per cent in 

the number of the root-lice themselves. In another case the number 

of hills infested by ants was reduced 71 per cent and the number of 
ants in the infested hills 83 per cent, the number of hills infested by 

root-lice 86 per cent and the number of root-lice in the infested hills 
61 per cent. The same experiment showed that deep disking with a 

20-inch disk was much more effective in diminishing the number of 

ants and root-lice than was the comparatively shallow disking of a 

16-inch disk, the difference between the two methods of treatment 

being 34 per cent and 48 per cent in the number of hills infested by 

ants and by aphids respectively, and 13 per cent and 35 per cent in the 

number of these insects themselves. It was incidentally shown by 

this experiment that plowing to a depth of four inches does not suf- 

ficiently break up the nests of the ants, but that about 85 per cent of 

them may be broken up by plowing six inches deep, the remainder 

being at least broken into. Pages 48-53. 

9. Observations made at night upon the movements of colonies 

of ants out of plots treated as above, and across furrows surrounding 

them, showed nearly two and a half times as many migrations from 

the plots deeply stirred as from the check plot. Migration lines across 

furrows plowed thru the center of each of the plots a week after 

planting, showed the amount of normal underground movements of 

the ants at this time. Making due allowance for this, it appears that 
the migration movement caused by the disturbance of the ants in 

treated plots was more than five times as great as this normal. 

Pages 53-55. 
10. Plowing to a depth of six inches in a Galesburg field, in 1910, 

dispersed 55 per cent of the ant colonies in this field, and one disking 

after plowing dispersed 15 per cent more. Plowing six inches deep, 

disking three times, and rolling once, increased the yield of the plot 

nearly 25 per cent, at a cost of 22 cents a bushel. One 20-inch disk- 

ing followed by rolling gave all the advantages obtainable by addi- 

tional diskings. Pages 55-57. 
11. Fall plowing and one spring disking are much more effective 

than spring plowing with no disking, the latter containing about three 

times as many ants and four times as many aphids as the former. 

Pages 57-58. 
12. Change of corn ground to oats for one year, and fall-plowing 

of the oats stubble, gave a larger yield by 25 per cent than adjacent 
ground kept continuously in corn, this difference being accompanied 

by a root-louse infestation of young corn on the oats stubble about 

one-tenth that found in corn on old corn ground. Pages 58-60. 



OBSERVATIONS AND EXPERIMENTS ON 
THE SAN JOSE SCALE 

By STEPHEN A. FORBES, Stare Enromo.ocist 

The product of a considerable amount of field and laboratory 
work on the San Jose scale, much of which was done or begun under 
the immediate supervision of Jas. A. West, of my office staff, has 
lain for some time in the form of field notes and unfinished manu- 
script prepared by Mr. West before his lamented death in 1909. Lapse 
of time and the studies of others have made some of this material obso- 

lete; but such part of it as is here presented seems still useful and 
worthy of publication. The larger part of this paper relates, indeed, to 
a series of experiments not yet finished in 1909, but continued for two 

years thereafter, and reported now from the original field notes made 

partly by Mr. West, but mainly by W. P. Flint and L. M. Smith, 
who were his aids also in the earlier work. 

THe SAN JOSE SCALE ON FRUITS 

The San Jose scale infests not only the trunk, limbs, and leaves, 
but also the fruit of trees, often so marking the fruit as to make it 

unfit for sale. The danger of dissemination by this means is, how- 

ever, very slight, since the fruit itself or the parings from it are 

little likely to be so placed that young insects from them ean secure 

a lodgment or a suitable breeding-place. Our attention was especially 

ealled to this subject by a statement made in a bulletin of the Divi- 
sion of Zoology of the Pennsylvania State Department of Agriculture 

(Vol. IV, No. 7, November, 1906) which says, referring to the San 
Jose scale: ‘“‘Its abundance upon fruit of any kind need not be con- 
sidered alarming, as it can not possibly spread from fruit that has 
begun to ripen, because it dies on such fruits and can not reproduce 
from them. In Bulletin No. 8 of the same series, the same writer 

says: ‘‘This pest dies upon the fruit as soon as it ripens, and con- 

sequently there is no danger of disseminating or spreading it by this 
means.’’ 

October 3, 1906, Mr. West obtained three ripe Jonathan apples 
infested by the San Jose scale and kept them under observation on 
his office table. The scale multiplied readily on all of them. One 
of the apples was kept until November 29, at which time there were 

more than thrice as many well-developed San Jose scales on it as in 

the beginning, and most of them were alive. There were also many 
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newly set young upon it, and crawling young were seen just before 
it was peeled and eaten. 

December 11, 1907, two infested Ben Davis apples were taken 

from a package which had been in cold storage, and were placed in 
a warm room. Crawling young appeared on them after ten or twelve 
days, and some of these set and began to develop. One of these apples 
was kept two weeks and the other twenty-six days, and on the twenty- 

fifth day three crawling young were seen. 

Tue Lire History oF THE SAN JOSE SCALE IN ILLINOIS 

The only detailed experimental studies of the life history of the 

San Jose scale hitherto published are those of Theodore A. Pergande, 
in Howard and Marlatt’s comprehensive discussion of this insect, 

which appeared in 1896.* According to this report, four complete 
generations of the San Jose scale were regularly bred at Washing- 

ton, with the possibility of a partial fifth generation, and the astound- 

ing total of 3,216,080,400 was given as the possible number of de- 
scendants from a single female in a single season. 

Noticing that in these breeding experiments no account was taken 

of the difference in the number of annual generations, and conse- 
quently in the number of descendants produced by the first-born of 
the first-born of each generation, and by the last-born of the last- 
born of the same series—a consideration to which attention was 
ealled by the writer in 1906t—it was thought best to duplicate these 

studies at Urbana by methods which would bring this factor into 
view; and the problem was assigned to Mr. West for solution in 1908. 

Young and vigorous trees of the Ben Davis variety, on which 
the insect multiplies freely, were selected for the purpose; and glass 
rings 10 mm. in height and 35 mm. in interior diameter were fixed 
on the tree by means of paraffin or wax. Into one of these cylinders 
were put crawling young which were to start a new generation. The 
ring was covered either with a band of closely woven muslin or with 

glass. Cylinders with glass covers were not satisfactory, however, if 

so placed as to receive the direct rays of the summer sun, and the 
cells were almost invariably placed on a shaded part of the tree. It 
was our plan to rear two series of generations, starting in each case 

with the firsc and the last young of each brood of the insects. By 
taking the first-born of each brood, the generations were brought as 
close together as possible, giving the maximum number for the sea- 
son. By taking the last-born of each brood, the generations were 

separated as widely as possible, giving the minimum number for a 
season. 

*Bull. 3, N. 8., Div. Ent., U. S. Dept. Agr., p. 43. 

+The Corn Root-aphis and its Attendant Ant. Bull. 60, Bur. Ent., U. 8. 
Dept. Agr., 1906, p. 31. 
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Two hibernating females found producing young on May 30 
(the first larve of the season to appear) were surrounded by eells 

as above described, and several of the first young born from them 
were carefully transferred on a camel’s hair brush to similar cells. 

In this manner two colonies were started from two similar parents; 
and they were carried thru the season, with a break, however, in one 

or them, caused by the melting in July of the paraffin which fastened 

the cell to a limb of the tree. The following diagram, devised by 
Mr. West, gives a complete view of the generations of the San Jose 

scale as they were thus reared in the open air at Urbana, IIl., during 

the season of 1908. The oblique lines indicate the growing period 
of the young insects; the horizontal lines, the period of maturity 
during which young were produced; and each bent, but unbroken, 

line represents the entire period of the generation, except that no 
account was taken of the life of the female after she had ceased to 
reproduce. An x on the diagram indicates the point of origin of 
a generation from the first-born young of a brood; and a 2, the point 
of origin of a generation from the last-born young. The W at the 

left indicates a hibernating female from which the series originated, 
and the W’s at the right indicate the groups of hibernating young 

produced. 

Fig. 1—Diagram of Annual Generations descending from one Hibernating 
Female. Urbana experiment. 
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One of the two hibernating females, born the preceding year, 
brought forth 109 young between May 30 and July 9. The first- 

born of these, belonging to the first generation of the year, produced 
442 young from July 9 to August 22. The first-born of this second 
generation produced 491 young between August 14 and September 
28, and the first-born of this third generation brought forth 233 

young between September 17 and October 25. The earliest deseend- 
ants of this third generation were but partly grown when the winter 

came on. This fourth generation thus forms, of course, a part of 

the hibernating group corresponding to that with which the series 
started. There were thus four generations in a year of this series 
of the first-born, the number of young for each female of the suc- 

cessive generations being 109, 442, 491, and 235 respectively—an 
average of 319 to the generation. The last-born of this hibernating 
female appeared July 9, but these were lost by the accident mentioned 

above. 
Turning now to the second female of the hibernating generation, 

with which a second parallel series of breedings began, we find that 

this female produced between May 30 and July 15, 186 young of a 

first generation; that the first-born of this generation brought forth, 
between July 12 and August 24, 503 young of the second generation ; 

that the earliest born of these produced, between August 17 and 
September 29, 528 young of a third generation; and that from the 
first-born of these, 262 young of the fourth or hibernating generation 
were produced between September 19 and October 28. We thus have 
four annual generations of the first-born of this series also, with 186, 
503, 528, and 262 young in the successive series—an average of 369 

to the generation. 
The last-born of the hibernating female with which this second 

series began appeared July 15, and the last-born of the 498 young 

produced by this first-generation parent appeared October 1. These 
were not yet mature when the winter overtook them, and they form 

a part, of course, of the hibernating group. This gives us but two 

annual generations of the last-born series—but two ‘‘complete’’ gen- 
erations—and an average for the year of three generations when both 

first-born and last-born series are taken into account. 
By reference to the diagram it will be seen that there are three 

other lines of succession intermediate between these two extremes, 
and that each of these three lines represents three generations, mak- 

ing a total of sixteen generations for the five lines or an average, 
again, of three generations for the whole group. It will also be seen 

from this diagram that the generations represented by the San Jose 
scales present and alive in each month were as follows: May, the 

hibernating generation; June, the hibernating and first generations; 

July, the hibernating, first, and second; August, the first, second, 

and third; September, the first, second and third, and the fourth, 
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which is part of the hibernating generation to continue into the follow- 

ing year; and October, the second, third, and fourth. The hibernating 

assemblage contains representatives of at least three generations—the 

second, third, and fourth of the season—and these are of all ages, from 

young just fixed to those adult and quite ready to reproduce, or per- 

haps with a part or all of their brood already brought forth. 
A comparison of the intervals between birth and maturity shows, 

as might have been expected, shorter growth periods with the ad- 
vancement of the season, those of three successive generations of the 

descendants of the first overwintering female being 40, 37, and 34 

days respectively, and those of the second overwintering female be- 
ing 438, 37, and 33 days. The reproductive periods of the successive 

generations differ little in length, but widely in productivity, the 
June and October generations containing fewer young than those 
brought forth in July, August, and September. The October young, 

indeed, were all produced during intervals of warm weather between 

periods of heavy frost. 
Evidently there can be no computation worth making of the 

actual or possible rate of multiplication of the San Jose scale which 
does not take account of the facts here given concerning the maximum 
and minimum numbers of the generations of the annual eyele, as 

shown by the first-born and the last-born series respectively, together 
with the proportion of each generation which are males and of the 

various rates of multiplication in different parts of the season. On 

the basis of the above data of West’s experiment, together with Per- 

gande’s percentages of males and females for the different genera- 

tions, P. A. Glenn, of my office staff, has worked out a day by day 

computation of births and deaths of both males and females for the 

period of 152 days during which reproduction was in progress at 

Urbana, with the result that there would have been produced by 

October 28, under ideal, optimum conditions, 32,791,472 descendants 

of a single female of the hibernating generation, of which 32,440,025 

would have been still alive, 49.4 percent would have been a week 

old or less, 27.6 percent between one and two weeks old, 13.6 percent 

between two and three weeks, 5.5 percent between three and four 

weeks, and 1.11 percent more between four and five weeks old, and 

only 2 percent would have been mature. 

IT am assuming that, as the average growth period at Urbana was ot 

days, each week after birth would add about one fifth of the growth to 

adult size. The import of these figures may be better realized if they are 

expressed in the area which the total number of scales present in 

their various sizes October 28 would cover if placed in a single layer 

edge to edge. The average diameter of an equal number of male and 

female scales ig 1.1 mm. Taking this at 1 mm. and making propor- 

tionate allowance for the lesser size of the scales at the various stages 

of growth, we find that the entire product of reproduction alive Octo- 
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-ber 28 is equivalent to 8,803,283 adult scales—a number sufficient 
to cover 94.8 square feet. 

Even this estimate of a possible product of multiplication must 

be regarded as excessive if we take note of the fact, reported by 
Lowe and Parrott, of New York,* that an average of nearly 40 per- 

cent of the young scales may perish, apparently from mere physi- 

ological causes, without settling down to feed and secrete the pro- 

tecting scale. In Mr. West’s studies no attempt was made to trace 

the fate of any of the young except those chosen as parents of the 

generation to follow. 
These data of the Urbana experiment, obtained from a repro- 

duction season beginning May 30 and closing October 28, no doubt 
give us, however, a product very much smaller than might be worked 
out for southern Illinois, and probably a larger product than the 
northern Illinois normal rate of increase. More than 75 percent of 

the entire theoretical product of the season was but two weeks old 
or less October 28, and 8 percent of the scale insects alive at that 

date would have been but one day old. A relatively slight lengthen- 
ing of the period of reproduction would evidently have added enor- 
mously to the total number produced.t At Alton, crawling young 

were seen, in 1908, up to November 9, and in 1906 newly born young 
were found by R. D. Glasgow, in Williamson county, January 4. It 

is certain that young fruit-trees are much more rapidly destroyed 

in southern Illinois by San Jose scale than in the northern part of 

the state, and that the scale spreads more rapidly there and is more 
difficult to keep in check; and our experience also shows that in- 
festation by this insect is decidedly more injurious to susceptible 
plants in southern Illinois than it is in the central part of the state. 

TESTS OF ORCHARD SPRAYS 

Comparative tests of orchard sprays for the San Jose seale have 

been many times made, with the general result that the modern lime- 
sulphur preparations have come into very general use; and they 

seem likely to maintain this lead particularly by reason of a special 
value as fungicides which gives them an advantage over the petroleum 
preparations, their only real competitors. Nevertheless, careful ex- 

periments made by the office force of the State Entomologist from 

1907 to 1911 seem still worthy of report, at least as a part of the 
permanent record. 

It was the principal purpose of these experiments, which, be- 
ginning in the fall of 1907, were planned to continue for five years 

upon the same orchards, to learn whether it was possible to redeem 

“Bull. 193, N. Y. State Agr. Exper. Sta., Dec., 1900, p. 355. 

, tIn another paper of this report, this fact is taken into account in a compu- 
See of the product of periods ten days shorter and ten days longer than the 
above, 
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orchards, already considerably or badly infested and situated in a 
generally infested territory, by measures which would make this 

economically worth while; and at the same time to show which of 

the various treatments used was the most successful and the most 
profitable. This purpose was in part defeated, however, by the failure 

of a company with which our contract for insecticide supplies was 

made to deliver the materials ordered in time for use in 1910. A 
breakdown in their factory of which we were not notified until it 

was too late to obtain supplies from another source, prevented our 

spraying these orchards in that year, and the San Jose scale conse- 

quently multiplied for a season without restraint. These orchards 
were saved notwithstanding, and are now in profitable use, but at a 

heavier loss and a greater expense than was necessary. 

EXPERIMENTS oF 1907-08 

Two apple orchards, originally of 1200 and 1600 trees respect- 
ively, belonging to James M. Etherton and Homer Etherton, and 
‘situated about eight miles south of Murphysboro, Jackson county, in 

southern Illinois, were selected for these tests. Both contained Ben 

Davis and Winesap apple-trees, so set in the spring of 1903 with 

two-year-old nursery stock that the orchards could be readily divided 
into similar experimental plots of sufficiently large size to permit the 
omission of the marginal rows of the plots and the use, for compara- 

tive purposes, of the central rows only. This, as will be shown, is 

an essential point in experiments of this description, since check and 

experimental plots placed side by side influence each other in a way 

to diminish the infestation of the margins of the former and to in- 

erease those of the latter. 
Infestation data were obtained by a critical inspection and grad- 

ing as described in an earlier article on ‘‘Comparative Exper iments 

with Various Insecticides for the San Jose Seale,’’ published in the 

Twenty-fourth Report of this office, pages 59-77. 

GRADING OF THE TREES 

The trees in the experimental orchards were carefully examined. 

one by one, November 11 and 12, 1907, by W. P. Flint and L. M. 

Smith, of the State Entomologist’s ie under the general super- 

vision of Mr. West. These inspectors worked together until it was 

evident that their procedure was uniform, after which they worked 

separately. The trees were graded on a scale of 10 degrees, the sev- 

eral grades having the following significance :— 

1 signifies a tree infested by a trace of the San Jose seale—so 

very slightly infested that one must search to discover the insects: 

2, a tree slightly infested—that is, having scattered scales upon sia 

nowhere clustered and yet fairly numerous; 3, a tree slightly in- 
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fested, with the insects showing a tendency in places to form clusters; 
4, a tree with scales which show a decided tendency towards the for- 

mation of clusters, yet have parts but slightly infested; 5, a mod- 

erately infested tree, the scales being fairly abundant over the entire 
tree, and frequently forming groups or clusters; 6, a tree mostly 

moderately infested, but with some parts so badly infested as to be 

evidently suffering; 7, a tree considerable parts of which are badly 
infested, yet having parts infested to only a moderate degree; 8, a 

tree for the most part badly infested, but not incrusted, evidently 
suffering from the attack of the scale; 9, a tree badly infested, with 

some parts inerusted; and 10, an inecrusted tree. Cases where the 

scale was peculiarly distributed on a tree, making its classification. 
difficult, were decided by consultation. I am told, however, by the 
inspectors grading these trees, that, in practice, the grades between 

1 and 10 were essentially estimates of the relative parts of the sur- 

face of the tree occupied by the scales, a grade of four, for example, 
indicating that twice as much surface was infested as in grade 2, 

and so on. It was found that the.trees could be readily graded, for 

the most part, on this scale and that the two men working inde- 
pendently would agree almost exactly in their estimate of the inten- 

sity of the infestation. The orchard containing originally 1200 trees 

was generally and badly infested, while the other, containing originally 

1600 trees, was infested much more moderately. 

THE EXPERIMENTAL PLOTS 

Four insecticides were tested in this year’s operations in a way 
to compare for each the relative effects of a single fall application, 

a single spring application, and two applications, one in fall and 
the other in spring. The more heavily infested orchard (No. I), 
showing an average infestation of 7.4 degrees, was divided into five 

plots, one of which was reserved as a check, and the remaining four 

were treated fall and spring with the four insecticides. The check 

plot was six rows wide, plots 2 and 3 were fourteen rows wide, and 

plots 4 and 5, thirteen rows. Orchard No. II, the infestation of 

which averaged 3.9 degrees, was divided into nine plots, one of which 
was reserved as a check, the remainder being used to test the effect 
of a single application of: each of the four insecticides in fall and in 

spring. These plots were six rows wide, except the one nearest the 

check (7), which was made ten rows wide in order that a more liberal 

allowance might be made for the influence of the check plot upon the 

experimental plot adjoining than for the effects of adjacent experi- 

mental plots upon each other. 

INSECTICIDES 

The lime-sulphur mixture applied was the 15, 15, 50 preparation 
in general use by us in 1908. Fifteen pounds each of sulphur and 
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fresh stone-lime were boiled together for forty-five minutes, to make 
a strong solution, and this was then diluted with cold water to make 
fifty gallons. This ‘‘home-made’’ was compared with the ‘‘Rex’’ 
lime-sulphur solution of the Rex Company, of Nebraska, one part 

of which was used with eleven parts of water; with Sealecide, made 
by the B. G. Pratt Company, of New York, one part to twenty of 
water; and with the Target Brand Scale Destroyer made by the 
American Horticulture Distributing Co., of West Virginia, one part 
to twenty of water. 

These insecticides were applied with an Eclipse No. 6 pump 
carrying two leads of hose and 10-foot extension-rods. Each of the 
extension-rods was provided with a double Vermorel nozzle. The 

spray barrel was thoroly cleansed when the change was made from 
one insecticide to another. New nozzle caps having an aperture of 

about three-fourths mm. diameter were used, caps showing any wear 
being discarded. A constant strong pressure was maintained on the 
pump so that the spray was finely divided, ‘‘singing’’ as it left the 
nozzle. The various insecticides were applied in as thoro, uniform, —~ 

and fair a way as possible. 
In Orchard No. I the home-made lime-sulphur wash and the Rex 

lime-sulphur solution were applied to plots 2 and 3, November 19, 

1907; the Target Brand and Scalecide on plots 4 and 5, November 

23. The same plots were treated in the same way a second time 

March 11 and 12, 1908. Plots 7 to 10 inclusive, of Orchard No. II, 

were sprayed November 24, 1907, and plots 11 to 14 inclusive were 

sprayed March 12 and 13, 1908. 

FINAL GRADING 

October 5, 1908, all the trees in these orchards were graded a 
second time by Mr. Flint and Mr. Smith. Mr. Smith knew nothing 
of the details of the experiment. Altho Mr. Flint assisted in spraying 
the trees in November, 1907, he was not in the orchards again until 

the final grading of the trees, and the stakes which marked the plots 

had in the meantime been removed. 
Results of Treatment.—The results of a spraying operation may 

be stated in a way to compare the condition of the experimental plot 
at the time of spraying with its condition after the lapse of a season 

has made it possible to spray again. The ratio of these two stages 
of infestation, the original and the final stage, I have called the ratio 
of improvement or the ratio of loss or gain. If there is a check plot 

in the series, the rate of progress of its infestation during the season 

may be used to show the stage of infestation which the experimental 

plot would have reached if no spraying had been done, and the 
original infestation of this plot may be compared with this theoretical 
final stage, so ascertained. The ratio of these two stages I have 
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ealled the ratio of benefit.* In the following table both these ratios 
are shown for Orchard II, but the ratios of benefit are not given for 

ETHERTON ORCHARDS, 1907-08 

OrcHARD I 

deca In- ; In- Loss |Perct. Porat 
festa- | festa- | (— f ; 

Plot exam: Treatment Date rae ce ( ae 2 - a f oe 
ined 1907 | 1908 | (+) | gain |Penetit 

1 | 64 |None (check) 6.265 | 8.323 | —2.058|—32.9 

2 | 148 |Lime-Sulphur Nov. 19 
15 L., 15S, 50 W.| March 11/84 [5.8 |426 |431, 

3 | 149 |Rex Lime-Sulphur, Nov. 19 5 
1 part; water, 11 | March 11 | 8.8 5.95 | 12.85 |434.4 

4 | 222 |Target Brand, Nov. 23 
1 part; water, 20 | March 11 | 7.6 6.1 +1.5 |+20. 

5 | 181 |Scalecide, Nov. 23 
1 part; water, 20 | March 12 | 5.9 4.2 1.7 |-+-28.8 

OrcHarD IT 

6 86 |None (check) 3.44 | 4.56 |—1.12 |—82.5 

7 | 109 |Lime-Sulphur 
15 L., 15 S., 50 W.| Nov. 24 | 4.33 | 2.65 | 41.68 |438.4| 53.8 

8 | 108 |Rex Lime-Sulphur, 
1 part; water, 11 | Nov. 24 |404 | 2.65 | 11.39 |-40.4) 50.6 

9 92 |Target Brand, 
1 part; water, 20 | Nov. 24 | 5.37 | 3.66 |+1.71 |31. | 48.6 

10 | 111 |Scalecide, 
1 part; water, 20 | Nov. 24 | 4.88 | 3.02 | 41.86 |438. | 53.3 

11 | 101 |Lime-Sulphur 
15 L., 15 S., 50 W.| March 12 | 4.09 | 2.11 | 41.98 |+448.4) 61.1 

12 | 104 |Rex Lime-Sulphur, 
1 part; water, 11 | March 13 | 3.1 1.58 | 41.52 |+49. | 61.5 

13 | 128 |Target Brand, 
1 part; water, 20 | March 13 | 2.87 | 1.9 + .97 |-+-33.7| 50. 

14 | 115 |Sealecide, 
1 part; water, 20 | March 13 | 2.52 | 1.53 |+ .99 |+39.4!' 53.7 

*The following is a convenient formula for use in this computation: 
b—a 

c-+e—d 
a 

—«x; a being the degree of original infestation of the check 
b—a 

c+ec 
a 

plot; b, the final infestation of that plot; c, the original infestation of the 
experimental plot; d, the final infestation of the same; and a, the ratio of 
benefit. 
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Orchard I, because the original infestation of this orchard was so 
high that an increase in plots 2, 3, and 4 at the rate of the check 
plot, would have completely incrusted these trees long before the end 

of the season. In other words, this orchard was too heavily infested 
in the beginning to be fit for full use in our experimental program. 

By an inspection of the foregoing table we find that two treat- 
ments, fall and spring, of the heavily infested orchard (the average 

infestation of whose experimental plots was 7.67 degrees) produced 
less effect than a single spraying, in either fall or spring, of the 

moderately infested orchard (the infestation of whose experimental 
plots averaged 3.9 degrees). The average improvement of plots 2 

and 3 in Orchard I, the trees in which were twice sprayed with lime- 
sulphur preparations, was 32.7 percent, while that of plots 7 and 8 

in Orchard II, once sprayed in fall, was 39.4 percent, and that of 

plots 11 and 12, once sprayed in spring, was 48.7 percent. This fact 
illustrates clearly the importance of early spraying before infestation 

becomes serious. In these experimental orchards there were but few 

crawling young up to August 1 on any of the treated trees which had 
originally been infested to 8 degrees or less; while on trees grading 
9 and 10 degrees, crawling young were fairly abundant thru July, 

and began about the middle of August to cause a considerable re- 

infestation of surrounding sprayed trees, this dispersal increasing 
rapidly as the season progressed. While the insecticide treatment 

reduced a few of the completely incrusted trees to the 6th degree of 
infestation, many of those incrusted at the beginning of the experi- 
ment were partially or completely incrusted again by the end of the 

summer. 
The records of the checks in both orchards show a seasonal in- 

erease amounting to about one-third of the original infestation ; while 
the lime-sulphur treatments of plots 2 and 3 in November and March 

worked a reduction of about a third of the 8.5 degrees original in- 

festation of these plots. There was thus every reason to believe that 

a continuation of this program would save this orchard and virtually 

clear the trees of the scale; and this, I am informed, has since been 

done, both of these orchards being now productive and in good con- 

dition. 
The difference in effect between fall and spring spraying with 

lime-sulphur was shown by a comparison of the ratio of benefit (52.2 
percent) of plots 7 and 8, sprayed in fall, with those of plots 11 and 
12 (61.3 percent), sprayed in spring—a difference of about 17 per- 

cent in favor of the spring spraying. A similar comparison of the 
ratios of benefit of plots 10 and 14, sprayed with Scalecide, gives us 
a difference of less than 1 percent in favor of the spring spraying, and 

the ratios of plots 9 and 13, treated with Target Brand, show a differ- 
ence of less than 3 percent in favor of that insecticide. This is in 

accord with the general opinion that a spring spraying with lime- 
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sulphur prevents a fixation of the young scales more effectually than 
a treatment with the kerosene sprays. We also learn from the fore- 
going table that Scalecide was somewhat less effective than either 

form of lime-sulphur used; and that, of the two latter, Rex dip was 

about 5 percent more effective than the home-made solution. 

THE TRANSITION ZONE IN INSECTICIDE EXPERIMENTS 

In the Twenty-fourth Report of this office (1908) I called par- 
ticular attention to a generally neglected factor in field experimenta- 
tion with insecticides and other means of insect control;* namely, 
the fact that the effects of insecticide treatment of experimental plots 
are likely to be diminished and disguised by an invasion of these 
plots by insects migrating from adjacent untreated parts of the or- 
chard or field; and in that paper I illustrated this influence by a 
comparison of the degrees of infestation of check rows near experi- 
mental plots and experimental rows near check plots with the degrees 
of infestation of rows in each kind of plot at some distance from the 
other. The practical outcome of this comparison was a general rule 
that large enough plots should always be made in field experiments 

to give interior parts freedom from the influence of one plot upon 

another, and that the marginal parts of the plots should not be used 
in assembling data for comparison. 

This principle is amply illustrated in the results of the orchard 
experiments now under discussion. The check rows next the experi- 
mental plots were less infested by San Jose scale at the end of the 
season, and the experimental rows nearest the check plots were more 
infested, than were those at some distance from the line of division. 

This mutual influence of one plot upon the other varied somewhat 
with the degree of infestation, the neutral or transition zone of un- 

available trees being five rows wide in the less-infested orchard and 
six rows wide in that more infested. This transition zone was due, 
of course, to the movement of the young insects across the boundary 

between the plots, the marginal rows of the check losing more than 

they received from the experimental plot adjoining, and the experi- 
mental plot reversing the process. Even the outside rows of the check 
plot show, as might be expected, the same loss of infesting insects, so 
that only three rows were left available for use in a check plot six rows 
wide. 

The detailed data are given in the accompanying diagrams, one 
representing the less-infested orchard and the other the more-infested. 

The vertical lines on each diagram stand for the orchard rows in two 
adjacent plots, one the check and the other sprayed with home-made 
lime-sulphur wash. The heavy line between rows 6 and 7 is the 

*<< Spraying Apples for the Plum-eurculio,’’ pp. 94-99. 
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dividing line between these two plots, and the heavy horizontal line 

marked with a zero stands for the average infestation of these plots 

before the spraying was done. The plus-figures at the left of each 

diagram indicate degrees of increase in the infestation of the check 
plot during the season following, and the minus-figures denote degrees 
of decrease of the infestation at the end of the season as a conse- 
quence of the treatment received. The broken line running diagonally 

across the diagram is drawn in a way to show, at the point where 

Check Flat (rows) L£xperimental [lot (rows) 

: FH 

Fic. 2.—Diagram showing Transition Zone, Orchard I, between Check Plot 
and Experimental Plot, Lime and Sulphur Treatment. 

Check Flot (rows ) Lxperunental -lot (rows) 
oss 

“Tt a ee eee 

eit ia = 
SoHE Ere e 

siege eees ola 

HEAT Fig. 3.—Diagram showing Transition Zone, Orchard II, between Check Plot 
and Experimental Plot, Lime and Sulphur "Treatment. 
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it crosses a vertical, the degree of loss or gain for that row, and the 

figures on the face of the diagram give those degrees precisely. It 
will be readily understood that if the check plot and the experimental 
plot were without influence one upon the other—if there had been 
no movement, that is to say, of the San Jose scale across the dividing 

line between the plots—then both these transverse lines on the dia- 

gram would have been virtually horizontal, their inner ends as widely 

separated in a vertical direction as are their outer ends, substantially 

as shown by the transverse dotted lines. The oblique part of each 
line marks the transition zone; and the upward turn of both lines 

at the left is an indication of the loss of insects from the outside rows 
of the check plots. 

EXPERIMENTS oF 1909 

Continuing our operations in the Etherton orchards in 1909, we 
used for spraying experiments only Orchard II. Orchard I received 

a single spraying, for the mere control of the scale, March 18-23, 

1909, with home-made lime-sulphur prepared as in the preceding 

year. According to the grading of October, 1908, the infestation of 

this orchard taken as a whole averaged 5 degrees on a scale of 10, 
and when graded again in January, 1910, its average was 2.39 de- 

grees, a gain in condition of 52.2 percent within the year as the resuit 

of the treatment. 
Orchard II was carefully graded March 11, 1909, and was di- 

vided into four plots. One was reserved as a check and the other 

three were sprayed, respectively, with home-made lime-sulphur, lime 

and sulphur manufactured by the Grasselli Company, and a petro- 
leum preparation known to the trade as San-U-Zay Seale Oil. The 
experimental plots were sprayed March 23-25 by Mr. L. M. Smith, 

assisted by one man and two boys, all entirely inexperienced in such 

work. Rains fell every day during the spraying, and showers and 
high winds on the 24th made the work ‘‘very unsatisfactory.’’ Prob- 

ably on this account, and because of the inexperience of the operators, 

the results of these experiments were much less favorable than those 
of the preceding and succeeding years. A second grading, for a 
comparison of conditions and an analysis of results, was made Janu- 
ary 17-18, 1910. From the following table it will be seen that the 

three preparations used were in practically the same class as to 
results produced, the home-made lime-sulphur, however, falling a 

little short of the other two. It was an interesting fact that the 

‘miscible oil’’ preparation applied in March seemed practically equal 
in value to the solutions of lime and sulphur. 
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ETHERTON ORCHARD EXPERIMENT, 1909 

ORCHARD II 

No. No: : Average Per a Per et. 

of of Treatment Date (ie of loss of 
plot | trees March| Jan. |or gain Peo 

1909 | 1910 fit 

1 93 |None (check) 4.81 | 5.57 | —15.8 

2 50 |Lime-Sulphur 
Grasselli Chem. Co. |March 25 5.56 | 4.93 | 411.3 | 23.4 

3 190 |Lime-Sulphur 
home-made March 23-26 | 3.17 | 2.96 | + 6.6 | 19.3 

4 94 |San-U-Zay Scale Oil |March 25 3.09 | 2.77 | 410.3 | 22.6 

EXPERIMENTS OF 1911 

After the omission of 1910, due to the failure of the insecticide 
company to fill our orders on time, both of the Etherton orchards 
were taken in hand in 1911 for experimental work. Orchard II was 

divided into four plots, which were sprayed, February 27 to March 
6, with different brands of lime-sulphur. Orchard I was divided into 

five plots, four of which were sprayed March 6-9 with different lime- 

sulphur preparations, and the fifth with Scalecide. All the brands 
of manufactured insecticides were bought in the open market. 

The manufactured lime-sulphur solutions were all mixed with 
water at the rate of 1 gallon to 9. The home-made lime-sulphur 

contained 100 pounds of sulphur and 50 pounds of lime to 60 gallons 

of water, 9 gallons of this concentrate being diluted with cold water 

to make 50 gallons. Otherwise stated, the formula for this propor- 

tion was sulphur, 15, lime, 714, water, 50, differing from the home- 

made solution of the earlier experiments only in the smaller pro- 

portion of lime. The Scalecide was diluted in a ratio of 1 to 15. 

Owing to the condition of these orchards because of a lack of 

treatment the preceding year, it was not thought advisable or safe to 

leave any part without treatment, and no check plots were reserved. 

The work was in charge of Mr. Flint, assisted by Mr. Smith. 

The original grading was done by Flint and Smith, February 

23, 1911, and the final grading, December 12 of the same year. In 

the absence of checks, only ‘‘ratios of improvement’’ could be com- 

puted. The home-made lime-sulphur, poured off after the settlement 

of suspended matter, gave an improvement of 40 percent, and the 

lime-sulphur of the Grasselli Company, 38.3 percent in Orchard I 

and 32.7 peréent in Orchard II, while the Rex lime-sulphur treat- 

ment resulted in an average improyement of 39.4 percent. 
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ETHERTON ORCHARD EXPERIMENT, 1911 

ORCHARD I (AVERAGE ORIGINAL INFESTATION, 5.84) 

aie 5 cee x lan P nny 
No.of No.of batinent Deis verage intestationu| Per ct. of 

Beebe Feb. 1911/Dec. 1911] 84/2 

it 183 |Lime-Sulphur 
Thomsen Chemical Co.!March 6 &7| 5.58 4.19 25. 

2 185 |Lime-Sulphur 
Grasselli Chem. Co. |March 7 7.45 4.59 38.3 

3 59 |Lime-Sulphur, home- 
made, with sludge  |March 9 6.00 3.70 38.3 

4 132 |Lime-Sulphur, home- 
made, without sludge|March 8 3.33 2.00 40. 

5 144 |Scalecide March 8 6.86 5.04 26.5 

ORCHARD II (AVERAGE ORIGINAL INFESTATION, 7.53) 

6 142 |Lime-Sulphur 
Thomsen Chemical Co. |March 4 & 6} 5.73 2.57 26.7 

7 151 |Lime-Sulphur 
Grasselli Chem. Co. |March 3 & 4} 8.48 5.71 32.7 

8 140 |Lime-Sulphur 
Sherwin-Williams Co. |March 3 7.73 5.93 23.2 

9 89 |Lime-Sulphur Feb. 27 & 8.20 4.97 39.4 
Rex Co. Mar. 2 

At the first glance, it would seem that suspended sediments in 
the home-made lime-sulphur were disadvantageous to it, the treat- 

ment of plot 4 with a clear solution giving a higher gain than that 
of plot 3 with a solution whose sediments were thoroly stirred up 

just before spraying. Since it so happened, however, that the origi- 
nal infestation of plot 4 (3.33 degrees) was only a little more than 
half that of plot 3 (6 degrees), it is altogether likely that this was 

the cause of the greater benefit to plot 4. 

Obvious differences may be noted in the results of the treatment 
with the several kinds of lime-sulphur tested, the Thomsen and the 
Sherwin-Williams’ preparations of 1911 being apparently in a differ- 
ent class from the Rex, the Grasselli, and the home-made preparations. 

Comparing the data of this table with those for 1907 and 1908, 

we find fairly similar results so far as the experiments themselves 
are fairly comparable. Scalecide, for example, gave us 28.8 percent 

of gain in Orchard I in 1907, and 26.5 percent in 1911. Rex lime- 
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sulphur shows 34.4 gain for Orchard I in 1907, on a plot the original 

infestation of which was 8.8 degrees, and a gain of 39.4 percent in 
Orchard II in 1911 vn a plot the original infestation of which was 
8.2 degrees. It is true that the Rex plots in Orchard II agree less 
closely in the two years, the 39.4 percent of 1911 being matched by 
a gain of 49 percent in 1907; but a glance at the grades of infesta- 

tion explains the discrepancy, the 1907 plot having an average grade 

before treatment of 3.1 degrees, and the 1911 plot a grade of 8.20 
degrees. We get a more obvious improvement, as a general rule, 

where the average infestation is the less. 

SUMMARY 

1. Experiments with infested ripe apples show that the San 

Jose scale may live and reproduce freely on such fruits plucked from 

the tree and kept at ordinary room temperatures, and that living 
young may continue to be born under such conditions during a period 

of eight weeks. Infested apples taken from cold storage in December 

gave similar results, young being produced on these apples for twenty- 

five days. 
2. Exact breeding experiments conducted at Urbana in 1906, in 

a way to distinguish thruout the season the descendants of the first- 

born from those of the last-born of each generation, gave two suc- 

cessive generations of the last-born series, in the complete year, and 

four such generations of the first-born series. A computation based 

on data thus obtained yielded a possible rate of multiplication under 

optimum conditions of 32,791,472 to 1 for the year. This total is 

only the 98th part of that of other investigators, who took no ac- 

count of diminished numbers of generations produced by late-born 

individuals. 

3. Spraying operations with various preparations of lime and 

sulphur and with two brands of miscible oils justify the usual pref- 

erence for the sulphur solutions, especially because of their more 

prolonged effect when applied in spring. The home-made solutions 

were equally effective with those ready-made and requiring only 

dilution for use. These experiments also illustrate the great advan- 

tage of early spraying, before an orchard becomes heavily infested, 

and furnish evidence that spraying in spring is much more effective 

than spraying in fall, the ratios of benefit being some 20 percent 

greater. The possibility of redeeming and restoring a badly infested 

orchard and maintaining it in good condition with one or two spray- 

ings a year, was well established by these operations, 



LIFE HISTORY AND HABITS OF THE 
NORTHERN CORN ROOT-WORM 

(Diabrotica longicornis Say) 

STEPHEN A. FORBES, Strate ENTOMOLOGIST 

The life history of the common corn root-worm was established 

many years ago in its main features; and for a generation it has been 

commonly known that prompt rotation of crops is a complete preven- 

tive of the injuries of this insect to corn. Our knowledge of the 
subject is, however, still very deficient in detail, and the data of this 

paper, gathered from the miscellaneous observations and operations 

of several years, will help in some small measure to make good this 
defect. 

Breeding Experiments—Experiment 3054. <A large number of 

longicornis beetles collected from corn fields near Elliot, Ford county, 

August 28, 1906, were confined, two days later, within large lantern 

chimneys of glass, closed above by cheese-cloth, and placed upon earth 
in flower-pots at my office insectary, in Urbana, where they were 

kept supplied with young growing corn and flowers of the thistle as 
food. The pots were first nearly filled with earth, and over this a 
cloth was closely fitted, and covered with a thin layer of soil. The 

object of this arrangement was to make it convenient to find any eggs 

that might be laid or larve that might hatch from them. A few eggs 

were found, in fact, in one of these pots September 13—enough to 

show that the conditions were correct and that the provisions made 

were sufficient for our purpose. The pots were kept during the winter 

in the cold wing of the insectary under natural conditions, except that 
they were sheltered from storms. 

May 10 of the following year (1907) corn was planted in these 
pots in order that any young larve hatching from eggs in the earth 

might find food ready for them. No search for larve was made until 

June 22, at which time Pot No. 1 was overhauled. The roots of the 

corn plants were uninjured, and no root-worms were found. The next 

examination was made July 12, when two corn plants in Pot No. 2 
were seen to be burrowed by the corn root-worm, and a larva about 5 
mm. long—that is, somewhat less than half grown—was found in one 
of them. 
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Pot No. 1 was examined again, July 26, sufficiently to show that 

the corn roots were being injured, and that at least two root-worms 

were present. One of these was free in the soil, probably preparing 

to pupate, and the other, half an inch long or virtually full-grown, 

had eaten into the base of the stalk just above the origin of the roots, 
so injuring the plant that it had begun to wither. 

Both pots were inspected daily until August 7, when an adult 

Diabrotica longicornis appeared during the afternoon on a corn plant 

in Pot No. 2. At an examination made during the forenoon this beetle 

had not been seen. August 8 the earth in Pot No. 2 was dug up on one 
side to a depth of a little more than an inch, and ten corn root-worms 

were found therein, together with a pupa which was a little more than 

an inch below the surface. Nine of the larve were out in the dirt, as 

is usual when they are about to pupate; the other was feeding on a 

grain of corn which had failed to sprout. August 16, a corn root-worm 

about 7 mm. long was seen crawling over the ground in Pot No. 2. 

A partial examination of the earth in this pot disclosed one adult larva 

and two pupz within an inch of the surface. On the 20th of August 

a pupa and a dead adult were found in Pot No. 1, and on the 21st an- 

other adult beetle, not yet fully colored, was seen in No. 2. On the 24th 

of August. an adult emerged in Pot No. 1. The earth was now 

searched to a depth of several inches, but only two larve were found. 

September 21, both pots were thoroly searched, with no additional 
result, and the experiment was closed. 

There were thus found in these cages 16 larve and two pupz, 

from which five adults-were derived, the dates of emergence ranging 

from August 7 to August 28—344 days and 365 days respectively 

from the beginning of the experiment. It will be seen that there was 
no evidence of the possible occurrence of more than a single gener- 

ation in a year. 

Experiment 2848. On the 27th of April, 1906, my field assistant 

in Ford county shipped to the office at Urbana a quantity of soil ob- 

tained from a corn field in which he had found Diabrotica eggs; and 

in this soil, placed in large pots, two grains of corn were planted for 

each pot, a single plant being left as a food supply to any possible 

root-worms that might hatch from eggs which had been deposited the 

preceding fall. 

Examinations were made at irregular intervals from May 10 to 
the 14th of June, at which latter date there were found, in eight of 

the pots, twelve Diabrotica larve of the following lengths: 1, 1.4 mm. ; 

1, 1:7 mom. ;:- 2 mm; 3, 3 mm.; 1, 5 mm.; 1, 6'mm;:2;'7 mm.;-and 2; 
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7% mm. In other words, these larve varied in age from those just 
hatched to others virtually three-fourths grown. 

The next inspection was not made until the 9th of July, when 
larvee were found varying from 2 mm. to 12 mm. in length—the last 

full grown. On the 12th of July four pots contained larve from 4 mm. 

long to the maximum size. Cautious search of these pots was made for 
pupz every second day from July 12 to the 20th, but none were found. 

On the 25th of July a thoro examination of all the pots disclosed four 
adults in the earth (the pale color of which showed that they were 

but recently transformed), together with three pupz, and larve ef 

various sizes from 5 mm. to 12 mm. long. Some of the oldest larve 

were thickening and shortening up preparatory to pupation. By the 
following day three of them had pupated, and the next day three 

more. Attempts to carry these pupz thru separately to the imago 

stage, with a view to determining the length of the pupal period, were 
disappointed by the death of the pupz, probably thru some fault of 

management. The experiment was interrupted on the 10th of August, 

and no further data were obtained. 

It will be noticed that we have here a much earlier start in the 

development of the root-worms than in the preceding experiment, a 
fact probably due’to the miscellaneous character of the material ob- 
tained in collections of the soil from the infested corn-field. 

’ Another imperfect experiment, No. 2810, may be worthy of men- 
tion by way of verification. This was based on eggs taken from the 
earth in a corn field, September 15 to 17, 1905, and placed with a little 

dirt in a perforated tin box, three inches in diameter. This was buried 
in earth in an ordinary flower-pot, and kept thru the winter at ordinary 

outdoor temperatures. On the 6th of March, 1906, these eggs were 
seen to be in good condition. They were inspected daily from March 

31 to June 19, at which time a root of the corn plant growing in the 
pot was found to be infested and slightly injured by a Diabrotica larva 

only 3 mm. long, and evidently hatched quite recently. 

This experiment was interrupted July 1, and nothing further 

came of it. 
An additional item of some interest, as showing the ease with 

which Diabrotica eggs may be obtained at the proper season of the 

year, is given in a note made by Mr. E. O. G. Kelly, my field assistant 

in 1905. September 16 of that year he put into a bottle, with green 
corn-silks, about a dozen Diabroticas caught on sunflower blossoms, 

and four days later found that they had deposited some four hundred 
eggs on the contents and sides of the bottle. Whether these were 
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fertilized or not, it was of course impossible to say. Another female 
shut up in a petrie dish, August 26, 1905, deposited upon the glass 

sixty eggs in chains within two minutes. 
The earliest date at which we have found the eggs in the field 

is August 15, and the latest date at which we have seen them laid was 
October 24, when a root-worm beetle deposited several eggs on the 
side of a breeding-cage, two of them under the observation of the at- 
tendant. Our additional data of life history are embodied in the ac- 
companying diagram, from which they may be readily obtained, with- 
out further description. 

Fic. 1—Diagram of Life History of Diabrotica longicornis 

The Effect of Rotation of Crops on Injury by the Corn Root- 

W orm.—It has long been known that the standard method for the pre- 
vention of corn root-worm injury, quite certain in its effect, is rotation 
of crops. The eggs being laid mainly, if not altogether, in old corn- 

fields, and most plentifully in those which have been previously in- 

fested, and the larve which hatch from these eggs the next spring living 
only on the roots of corn, it necessarily follows that if corn is planted 

on ground not in corn the previous year it can not be injured by root- 

worms. In order to get more definite information upon this subject, 

and especially to show the maximum number of years within which it 
is safe to continue corn on the same ground, data of infestation as re- 

lated to length of tirae in corn were collected for me in 1904 by Mr. E. 

P. Taylor, then an assistant in my office. The fields visited were taken 

at random in Ford and McLean counties, in neighborhoods to which 

our attention had been called by complaints and inquiries with regard 

to this insect. 
For this purpose seventy-one fields were carefully examined, and 

an estimate was made of the percentage of the hills obviously affected 
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by root-worm injury in a way to cause a falling or conspicuous lean- 
ing of the stalks consequent upon the weakening of the hold of the 

plant upon the earth thru the destruction of its roots. As there was 
considerable infestation of some of these fields by white-grubs, in- 

juries by which have a similar effect, especial care was taken to dis- 
tinguish injuries by these insects, very readily recognized upon an 

examination of the roots themselves. 

Of the seventy-one fields examined, twenty-seven were in corn 

for the first time since they had been planted to some other crop, most 

commonly oats; fifteen fields were known to have been in corn but two 

years in succession, and seven others were known to have been in corn 

for two years, the preceding crops not being ascertained. Eleven 

fields had been in corn for three years in succession, five for four years, 
one for five years, three for six years, and two for ten years. The 

numbers of the five-, six-, and ten-year fields are obviously too small 

for reliable averages. None of the twenty-seven fields in corn for 

one year only, showed any trace of root-worm injury ; the fifteen fields 
which were known to have been in corn for only two years in suc- 

cession exhibited injuries ranging from none to 50 percent, with an 

average of 19 percent; and the seven fields which had been in corn for 
two years, the preceding record being unknown, had been injured in 

ratios varying from 15 to 70 percent, with an average of 35 percent. 
Evidently some of these last fields had been in corn longer than two 

years. The thirteen fields which were known to have been in corn for 
three years in succession were injured in ratios varying from 20 to 80 
percent, with an average of 46 percent; and the ratios for the five 

fields which had been in corn for four years in succession, varied 

from 25 to 90, with an average of 64. Our available information is 

thus to the effect that ground in corn for the first year by rotation 

from some other crop, will not be injured at all by the corn root-worm, 

any failing which it may exhibit being due to some other injury; and 

that corn growing on the same ground for the second year is likely to 

become infested at an average rate of 19 percent, and for the third 

year at two and a half times that rate. Of course these ratios will 
vary with the abundance of the insects, which will itself be influenced 
largely by the prevailing agricultural practice as to rotation. It is 
obvious, however, that two years is the maximum period during which 

it is safe to continue land in corn where the root-worm is a prevalent 

and destructive pest. 

As the corn root-worm beetles emerging in corn fields in mid- 

summer are presently to be found in numbers outside such fields, 
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feeding upon the bloom of clover and other late-flowering plants, it 
has always been a question of interest whether these widely scattered 

parent beetles have deposited their eggs before leaving the corn fields 

in which they were bred, or whether they return to such fields for 

Oviposition; and an attempt was made in 1904 to collect data which 

should throw light upon this question. The amount of material ac- 
tually obtained is too small for final conclusions, but is nevertheless 

of sufficient value for report. 

Collections of adult beetles were made August 26 and September 
5, 6, and 7, from eleven fields, four of which were in corn, four in 

clover, two in oats stubble, and one in swamp grass. Three hundred 

and forty-six of the specimens obtained were dissected to determine 

their stage of maturity. Seventy-one percent of those collected in 

corn fields and 82 percent of those from fields not in corn were fe- 

males. The difference in this respect was considerable, and it was at 

least apparent that the females were not remaining in the corn fields 

in larger proportion than the males. The ratios of mature to immature 

females in the two situations were 4 percent mature for collections 

made in fields of corn and ten percent for those made in other fields— 

a considerable difference, it is true, but of a character to indicate 

that females were leaving the corn fields very generally before their 

Ovaries were ripe, and that they must consequently return to the corn 

to deposit their eggs, if these are laid wholly or mainly in corn. 
In view of the fact that the parent beetles of the corn root-worm 

leave the corn field in large numbers in search of food while they are 

still immature, becoming especially abundant where blossoming plants 

are massed, as in the clover field, and occurring also in considerable 

numbers on swamp grasses, upon the roots of which they have some- 

times been suspected to breed, search has been repeatedly made of the 

roots of such plants at times when the presence of the insect in some 

stage, or evidence of its injury to the roots, might be expected if it was 

capable of breeding in other plants than corn. For example, Sep- 

tember 8, 1904, Mr. Taylor dug up thirty stools of clover and thoroly 

searched their roots and the earth about them in a field from which he 

had just collected large numbers of adult Diabrotica longicornis, but 
he could find no eggs or beetles in the ground or any trace of root- 

worm injury to these plants; and another field assistant, Mr. G. E. 

Sanders, devoted the greater part of four days, July 16 to 19, 1906, 

to a similar-examination of the roots of grasses, sedges, club-rushes, 

composite plants, and a variety of field weeds, in and immediately 

about corn fields in which the corn root-worm was abundant. He also 
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found no trace of root-worm injury or infestation under ground of 

any other plant than corn, even where the roots of such plants were in- 
termingled with those of badly infested corn-hills. 



THE SAN JOSK SCALE 

(Aspidiotus perniciosus Comstock) 

By PRESSLEY A. GLENN 

The San Jose scale is capable of doing more injury in Illinois 

to fruit-trees and many other valuable trees and shrubs than any other 

insect in the state, and as no general article on the species has ever 

been printed in the State Entomologist’s report or in the Bulletin of 

the Illinois Agricultural Experiment Station, it is believed that a com- 

prehensive discussion of the subject, brought down to date, will have 

a considerable practical value. 
This insect is so inconspicuous that it may easily be overlooked ; 

and its power of multiplication is so great that, in a comparatively 

short time, it may overspread the trunk, limbs, twigs, leaves, and even 

the fruit, of the trees or shrubs which it infests, either killing the plants 

outright, or so injuring them that they become worthless. (See Pl. L, 

Miessl,2; Pi. l., Fig. 1; and Pl. IIL, Figs. 1, 2.) It is primarily an 

orchard pest, and is most important in large commercial orchard dis- 

tricts; but it is also very injurious in parks and private grounds, and 

on lawns in cities and towns. Its control is much more difficult in 

towns than in orchard districts, because in the former the values in- 

volved in each case are commonly too small to make it seem worth 

while for the property owner to go to the trouble and expense of 

getting the information and equipment necessary for its destruction; 
while in the latter the interests involved warrant the expenditure of 

money and time necessary to its effective control. 

ORIGIN AND DISTRIBUTION 

The San Jose scale is a native of China, and it was probably 
introduced into the United States direct from that country about 1870, 
on trees imported by James Lick, of San Jose, Cal. for plant- 

ing on his private grounds. By 1873 it had become destructively 
abundant in orchards surrounding the premsies of Mr. Lick, and it 

soon became known as the San Jose scale. In 1893 it was discovered 

at Charlottesville, Va., and by 1895 it had been found at various 

points in thirteen of the eastern and central states. In nearly every 
instance the infestation was traced directly or indirectly to one or the 

other of two large nurseries in New Jersey, from which it had been 

sent out on infested stock. 
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This discovery created a general alarm thruout the country; and 
state legislatures were asked to enact laws for the prevention of the 

further spread of the scale and for its eradication in localities already 
known to be infested. Some states responded promptly, but in others 

practically nothing was done to arrest its progress; and even in those 

which provided suitable laws it had already become too firmly estab- 
lished to make its eradication possible. It was hoped, however, that 

its further spread could be prevented by a rigid inspection of nurseries, 
but this hope has been only partially realized. Its spread has been 

strongly checked by this means, however, and thousands of premises 
are free from it which would otherwise now be infested. It has 
nevertheless spread to practically all the fruit-growing sections of the 

United States, and has become established in forty or more of the 
states. 

The San Jose scale was first discovered in Illinois in the fall of 
1896*, when it was found on about a dozen peach and apple trees 

which had been lately received by Mr. Valentine J. Kiem, of Quincy, 
from a large New Jersey nursery. Dr. S. A. Forbes at once undertook 

to learn whether it had been introduced elsewhere in Illinois. Lists 

of shipments of nursery stock into the state made by all New Jersey 
firms in whose nurseries the San Jose scale had been detected, were 

secured thru the courtesy of the proprietors, and the imported stock 

at each place on these lists was carefully inspected. By this means 

the scale was definitely located at 17 other points, scattered thru 13 
Illinois counties. In some cases the infestation was apparently still 
confined to the imported trees; in others it had spread to trees near by; 
and in 2 cases it had spread to adjoining orchards, to an extent to 

show that it must have been introduced several years before. By 
July, 1899, it had been detected in 30 places scattered thru 18 coun- 
ties, and by October, 1900}, the number of its known localities had 

increased to 44, 5 in the northern, 9 in the central, and 20 in the 

southern part of the state. In most cases the local distribution was 

still very limited, being confined in many cases to a single orchard; 
but in a few it had become so extensive that Dr. Forbes expressed the 
opinion, in his report of 1900, that eradication was probably no longer 

possible without a destruction of all infested property. By February, 

*Twentieth Rep. State Ent. Ill., p. 1. 

tRep. Ill. State Ent. concerning Operations under the Horticultural Inspec- 

tion Act. Oct. 31, 1900. 
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1903*, it had been found in 64 Illinois localities; and very thoro insec- 

ticide operations in nearly all of them had exterminated it in only 8. 
In 19067, 51 of the 102 counties of the state were known to be 

more or less infested; but 43 per cent of the infested orchards were 

in 2 of these counties. Even in these 2 counties the scale had not yet 
become general, and in 30 of the others listed the average number of 

infested orchards was only 3%. 

In 1908 the San Jose scale was known to be present in 79 counties, 
in 10 of which, all in the southern part of the state, the infestation 

had become general. In 10 counties it was limited to 3 centers; in 17 

counties, to 2 centers; and in 22 counties, to 1 center. In the same 

year, 1007 farm orchards lying in two belts, each half a mile wide, 

one extending north and south, from Rockford to Centralia, and the 

other east and west, from Danville to East Hannibal, were inspected 

to see to what extent they were infested by the San Jose scale. Thirty- 
nine of these orchards or 3.87 per cent, were found infested; from 

which fact we may infer that about 4 per cent of the farm orchards 

of the state were infested at that time. 
No attempt has been made since 1908 to collect data of its spread, 

or to seek out new centers of dispersal. At least eight counties more 

have nevertheless been added to the list, and it probably might be 

found to some extent in nearly every county in the state. 
Many southern, and some central and western counties are quite 

generally infested, and in some of these counties the Osage orange 

hedges are commonly infested as well as the orchards. The infesta- 
tion is by no means general, however, in all the southern and western 

counties. In 1912, of 78 orchards averaging over 1000 trees each, 

inspected in Pike county, 37 per cent were found infested; of 55 
orchards in Jefferson county averaging over 500 trees each, 96 per cent; 
and of 85 orchards in Wayne county averaging over 600 trees each, 
14 per cent were infested. The San Jose scale is to be found in prac- 

tically all the towns and villages of the southern part of the state. 

It has also reached many towns and orchards in northern Illinois, 

but in much smaller proportion than farther south. It also multiplies 

less rapidly, and is hence far less destructive, in the northern counties 

with their cooler climate and shorter growing season. 

*Rep. Ill. ‘State Ent. on the Horticultural Inspection Law, Nov. 1, 1900- 

February 1, 1903. 

+Bull. 62, Bur. Ent., U. S. Dept. Agr., p. 23. 
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DANGEROUS CHARACTER OF THE SCALE 

It is difficult for one to realize fully the dangerous character oi 

the San Jose scale unless he has seen its work. It feeds on the sap of 
the host plant. The amount of sap that a single individual, or even 
several hundred individuals could extract could not injure a healthy 
tree or shrub, but the species multiplies so rapidly, that from a few 
scattered parents millions of progeny may be produced in a season or 

iwo, sufficient to cover completely the bark of parts, or even all, of the 

tree (Pl. 1., Figs. 172 ;and\Ph WW, Fiesta) ‘Mostof our insece pets 

have natural enemies which so restrain their multiplication that they 

become destructively abundant only now and then; but those of the 

San Jose scale are inadequate to its control. A young tree or shrub 

may be killed by the scale in two or three years; older trees withstand 

the attack longer, but sooner or later are likewise destroyed. Young 

orchards are killed out more quickly than old ones; and where young 

trees are set in old infested orchards, they also become infested and die 

before they are old enough to fruit. Where this insect is present, 

orchards or other plantations containing trees susceptible to its injury 

can only be preserved by spraying. 

The scale does not confine its attack to the bark of the tree, but 

infests the leaves and fruit also. The fruit of apple, peach, and pear 

frequently become as badly infested as the bark. (See Pl. IIL, Figs. 

1, 2.) It is comparatively easy to prevent serious injury to the tree 

by the use of proper measures of control; but it is very difficult to pre- 

vent some spotting of the fruit. Scaly fruit is unsightly and unsalable, 

and does not keep well, and the annual loss in Illinois from this cause 
is very large, even in orchards which are fairly well sprayed. 

The small size and inconspicuous character of the San Jose scale 
add very greatly to its economic importance. The best-trained in- 

spector can not be depended upon to detect it in every case of slight 

infestation, and those unfamiliar with it rarely distinguish it until 

it has done much harm, and has had time to become so widely dis- 

tributed that its eradication is impossible. 

Lire History AND APPEARANCE 

The female San Jose scale does not lay eggs, as most insects do, 

but brings forth living young, which are just visible to the unaided 
eye as yellow crawling specks. They move about for periods varying 

with the temperature from twelve to forty-eight hours. An experi- 
ment made in New York by Lowe and Parrott shows that the crawling 
young may travel at the rate of 2.1 inches an hour as a six-hour aver- 
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age. They then insert their bristle-like beaks into the bark and begin 

to feed. A day or two after settling down they are completely cov- 

ered by white waxy filaments secreted by glands scattered over the 

body; and these filaments soon run together to form a continuous 

waxy covering. At this stage of development the insect is easily de- 

tected; but in a few days the waxy covering becomes dark and very 

difficult to detect with the unaided eye, especially on a dark surface. 
When viewed with a hand lens, however, it looks not unlike a minia- 

ture volcano, having the shape of a very low cone with a circular 
ridge at the apex, inside of which is a nipple-like elevation. As the 

insect grows the scale enlarges, the female scale remaining almost 

circular with the nipple near the center (PI. II., Fig. 2), and the male 

scale becoming about twice as long as wide, with the nipple near 
one end (Pl. II., Fig. 3). In summer or fall, examples of all these 

stages may be seen on the bark of an infested tree, but in winter and 

early spring only the small, dark, immature scales and the mature 

males and females are found. 
Scattered specimens of the San Jose scale are difficult to find, 

but they may be discovered with the aid of a good pocket-lens. When 

numerous, the crawling young and those in the white stage may be 

readily detected with the unaided eye; when the bark is heavily in- 
fested with mature insects it becomes completely incrusted with thei~ 

waxy coverings and has a rough, ashy-gray appearance which is easily 

recognized. Parts of trees so infested are usually seriously injured. 

The unhealthy appearance of a tree or limb during the growing sea- 

son is therefore an indication of the possible presence of the scale, 

and should lead at once to a careful examination. On fruit and on 

tender bark the scale produces a conspicuous red spot, and by watching 

the fruit the orchardist may usually detect its presence in bearing trees 

before it has caused serious injury. 

When mature, the male comes out from under its waxy covering 

as a very delicate two-winged insect (Fig. 1). The female (Fig. 2) 

remains alive under her covering for about six weeks after reaching 

maturity, gives birth to a new generation, and then dies. 

The winter is passed in an immature stage, on the bark of the host 

plant. In spring the hibernating individuals continue their growth and 

mature usually about the latter part of May, and by the first of June 

the young of the first generation begin to appear, the time varying 

greatly with the latitude and character of the season. In an experi- 

ment made by James A. West, of the State Entomologist’s staff, at 

Urbana in 1908, the first young appeared May 30, and reproduction 



Fie. 1. san Jose scale, mature male 
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San Jose scuie: a, mature female scale, 
showing general form of the insect and the 
threadlike mouth-bristles with which it pierces 
the bark and sucks sap from the tree; b, caudal 
end of female scale, showing lobes and spines. 

Fie. 2. 
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continued for 152 days, closing October 28. The following table shows 
the dates of birth and of maturity of the first-born and the last-born 
of each generation. 

Time of appearance Time of maturing 

Generations 

Virst-born Last-born First-born Last-born 

HEDIS Uiiecise tate 0:8 ays'2 ye) 80-0 May 30 July 15 July 10 August 19 
PEEOUG siicicss 206 ows July 10 October 1 August 16 Hibernate 
MIBENIMG Be tiles clave «s,s August 16 October 28 |September 18 |Hibernate 
NOT TAscioiete es, ocs-ai0- September 18/October 28 [October 29* |Hibernate 

A new generation of young began to appear every thirty-seven 

days, and the average period during which each female reproduced was 

forty-three days. The average number of young produced by the over- 

wintering females was 147.5, and the averages for the females of the 

first, second, and third generations were 472.5, 509, and 247.5 respec- 

tively. 
Two full and two partial generations were produced, and the 

first representatives of a fifth generation were due to appear when 
reproduction ceased. All of the first and nearly all of the second 
generation reached maturity before the close of the season, but the 
larger part of the partial third and nearly all of the partial fourth 
generations were still immature at its close, and thus entered the win- 

ter in this stage. 
This record may be considered as typical for the latitude of Ur- 

bana. In the southern part of the state, where the season is some- 

what longer, and in any season lengthened by an unusually early spring 

or a late autumn, a partial fifth generation is no doubt produced. In 
the northern part of the state, where the season is shorter, the fifth 

generation probably never appears, and the fractional parts of the 

third and fourth generations are much smaller than in the latitude of 

Urbana. 
A small variation in the length of the season affects very greatly 

the abundance of the scale. This is true of all insects having a short 

life-cycle, with several generations in a season, especially if each female 

produces many young, unless, indeed, natural checks effectually re- 

strain the species. The enormous fecundity of such insects is one of 

*Date computed. 
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the most interesting and important features of their economy. Pre- 

vious attempts to estimate the possible number of offspring descending, 
under ideal conditions, from a single female San Jose scale during a 

season, have not taken sufficient account of the many complex factors 
of the problem. The writer has here attempted to make such an esti- 
mate with some degree of accuracy, having in view the percentage 

of males, the periods of growth, and the rate of reproduction in each 

generation. The data relative to the percentage of females are from 

Mr. Pergande’s Washington experiment of 1896, and the others are 
from Mr. West’s experiment. They are summarized in the following 

table. 

Per cent | Growth ducing 
Reproducing females of period, = of ; 

females | days ee young |* sae 

Overwintering female... ah a dt 147 3.102 
Ist Generation... biti. %s 30 41 43 473 MIL. 
DAO PCWCTAULOM «i. nieynisiee nen 30 37 44 509 11.57 
Be PENETAGLONS aves 2 sieve cree 70 34 39 247.5 6.346 
BEM CCMET ALON! he st. t:< ci 60 40* 39 apa? alets 

From these data were obtained the number of young that would 

be produced for periods of 142 days, 152 days, and 162 days, respec- 

tively, as shown in the following table. 

| Number of descendants during a repro- 
ducing season lasting 

Generations ass J 

142 days | 152 days | 162 days 

Misti ls. ead eltion wee eee eee 147 147 147 
SOCONGM. o2ie. « crateeye-aes Sings se ays eae 24,123 24,123 24,123 
iD GT 0 VRP RR ane RRP = COA 6a eae 1,510,908 1,871,025 2,181,684 
Mowrbliet tie see ee ee eee 10,465,685 30,896,177 69,133,639 
bir do a ea er mm e eG r ah Bitte ibe SC wintocodos 1,572,637 

PRG uals fe hoe eet en 12,000,863 32,791,472 72,912,230 

The figures in the middle column are for the season of Mr. West’s 
experiment, which began May 30, and closed October 28. Taking the 
growth period of the males as twenty-five days, and their adult period 

*Assumed. 
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GENERAL SUMMARY AS TO MORTALITY 

Males Females Total 

Condition meebo es et 

Number ee Number pat Number ae 

ERGe me: os emma 350,034 | 1.067 2,403] .008| 352,437] 1.075 
Diving es ccc: 12,585,521 | 38.03 19,853,514 | 60.895 |32,439,U35 | 98.925 

Potals wwe see 12,885,555 | 39.091 19,855,917 | 60.903 [32,791,472 |100. 

as five days; the growth period of females as thirty-seven days and 
their reproductive period as forty-two days; and assuming that Per- 

gande’s percentages of males and females in the various generations 
hold true thruout the season, a classification of the product as to stages 
of development at the close of the season may be made as shown 
above. 

The most interesting inferences from this computation are the 
enormous number of offspring theoretically possible under optimum 

conditions, the large variations in the total product due to slight differ- 

ences in the length of the reproducing season, and the surprisingly 

large per cent of the progeny which are still alive at the close of the 

season. 
No account could be taken of the many mishaps which must pre- 

vent many of the young from reaching maturity and many of the 
adult females from producing their full quota of young; hence it is 

not really possible that the number of young produced ever equals 
that here shown to be possible theoretically. On the other hand, 

these results have been worked out with mathematical accuracy from 

averages actually secured in breeding experiments, and must serve to 

convince any one that the San Jose scale, if allowed to multiply 

unchecked on any favorable host plant or in any community, 

will prove to be a very destructive pest, and they must also make it: 

clear that spraying to control it must be done so thoroly as to destroy 

nearly or quite every living insect. 

Under the conditions which obtained in Mr. West’s experiments, 

the addition of ten days to the reproducing season would have more 

than doubled the theoretical product. This serves to explain why the 

scale is so much more abundant and destructive in the southern part 
of the state than in the northern, and why it increases so much more 

rapidly in some seasons than in others. 
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The continuous multiplication of the insect is greatly checked, 
however, in our latitude by the fact that when cold weather overtakes 
it, nearly 97 per cent of the total product is still immature and must 
pass the hazards of winter before its multiplication can begin. Our 
computation of the relative numbers of males and females was based 
on averages determined from the first representatives of each genera- 
tion. Males predominate in the early part of the season, and it is 
quite certain that they also predominate in the latter part, especially in 
view of Marlatt’s statement that in the hibernating group “The male 
scales are normally vastly in excess of the females, often representing 
95 or more per cent.”* On this basis, out of 31,777,142 immature, 

according to my computation, at the close of the season, only 1,588,857 
would have been females; and these must pass the winter successfully 
before becoming capable of further increase. 

Foop PLANTs 

The San Jose scale is known to infest about a hundred and fifty 
kinds of trees and shrubs. On some it multiplies rapidly and causes 

serious injury; on others it rarely becomes abundant enough to be 
dangerously injurious; and on still others it can not permanently main- 
tain itself. 

The following are some of the more important kinds of trees and 

shrubs which are likely to be seriously injured; apple, peach, pear, 
plum, and sweet cherry, with their nearly related wild and ornamental 
species; currant, dogwood, Japan quince, June-berry, lilac, hawthorn, 

European purple-leaved beech, flowering almond, rose, snowberry, 
buckthorn, young poplar, young elm, willow, mountain-ash, linden, and 

Osage orange. 
The following become infested when surrounded by badly in- 

fested trees, but are rarely seriously injured: sour cherry, Kieffer 

pear, blackberry, raspberry, dewberry, mulberry, grape, maple, chest- 
nut, horse-chestnut, birch, catalpa, ash, locust, walnut, Virginia creeper, 

Deutzia, Spirzea, persimmon, Althea, globe-flower, California privet, 

honeysuckle, sumac, smoke-tree, and Wisteria. 

The following seem to be exempt from attack: redbud, yellow- 
wood, Kentucky coffee-tree, hickory, butternut, sweet gum, tulip, iron- 
wood, buttonwood, oak, Ailanthus, pawpaw, barberry, Mahonia, trum- 

pet-vine, sweet-scented shrub, bittersweet, button-bush, filbert, hazel- 
nut, weigela, huckleberry, witch-hazel, English ivy, hydrangea, gold- 
flower, matrimony-vine, mock-orange, and evergreens. 

*Bull. 62, Bur. Ent., U. S. Dept. Agr., p. 43. 
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The statement is frequently made that the forests are full of 

the scale, but this is a mistake. It will be seen from the above lists 
that many forest trees are not liable to attack, and few of those that 
are so, will support the scale in any considerable numbers. Our native 

dogwoods are apparently less subject to infestation than some of the 
imported species. Wild crab-apple and hawthorn and a few of the 

other more or less susceptible trees and shrubs are likely to become 

infested when growing near orchards, and it is pessible that in some 

localities these susceptible species are harboring the scale in forests. 

Osage orange hedges are very apt to become heavily infested and 

form great highways for the dispersal of the scale. They should there- 
fore be grubbed out or kept trimmed so low that they may be thoroly 

sprayed. 
MEANS OF DISTRIBUTION 

By Birds, Squirrels, Insects, Wind, etc——It is only while in the 

crawling stage, during the first few hours of its life, that the San 

Jose scale can be transferred from one food plant to another, because 
as soon as it begins to feed it becomes fixed to the bark for the rest 

of its life. In most cases the young do not travel more than a few 

inches from the place of their birth; and one part of a tree may con- 

sequently become heavily infested while another part is comparatively 

clear. The larve can not pass from tree to tree unaided unless the 
twigs touch or the trees stand very close together, as in the nursery 

row; but they may be carried to neighboring trees by a variety of 

agencies, the principal of which are birds, squirrels, insects, men, do- 

mestic animals, and the wind. They may also be carried on fruit or 

on cuttings from trees. In this way they pass from tree to tree and 

from orchard to orchard. In communities where orchards are close 

together, the scale may spread from a single center over a very large 

area in the course of a few years. In towns, also, it gradually extends 
its range until all premises become infested. 

The rate at which it spreads depends, of course, upon the num- 
ber of crawling young. When nothing is done to keep them down, 

they become very numerous, and every bird or insect that flies from 

a tree so infested may carry some of them with it, and drop them, 

perhaps, many rods, or even miles, away. But when the number of 

young is kept down by proper treatment, their dissemination is corre- 

spondingly slow. In farming communities where the orchards are 

small and half a mile or more apart, there is little danger that the scale 

will be carried from one to another if hedges are removed or cared 

for and if proper methods of control are used. 
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On Nursery Stock.—In the dormant state, the San Jose scale may 
be carried to any distance on nursery stock, cuttings, and scions. It is 
thus that it was transported from its original home in China to the 
shores of California, and thence to all the principal fruit-growing sec- 
tions of the United States. 

MEANS OF CONTROL 

Natural Checks——Several natural agencies very materially check 
the multiplication of the San Jose scale, but it multiplies so rapidly 
that its numbers increase greatly notwithstanding. The chief of these 
checks are climatic conditions, predacecus and parasitic insects, and 

fungous diseases. 

Under adverse climatic conditions may be included winds, rains, 

and extremes of heat and cold. Blustering winds and dashing rains 
sweep many of the crawling young from the bark. Not infrequently 
more of them may be found on the ground under badly infested trees 

than on the trees themselves, and very few of these ever get back to 
the tree or) find other food plants. The scale does not thrive in those 

parts of our country where the summers are long and excessively hot 

and dry; and it has failed to establish itself in some of the northern 

states, where the winters are long and severe. In a few instances a 

very heavy mortality, resulting from these unfavorable conditions, 

has been noticed in Illinois. In St. Clair county in the spring of 1902, 

from 21 to 69 per cent of the scales which might have been expected 
+o live were found to be dead. This loss was attributed to the hot, 

dry weather of the preceding summer, when temperatures reached 
109° F. in the shade. Again, in the spring of 1911, counts of dead and 
living scales made from different parts of Illinois showed that from 45 
to 98 per cent of the hibernating insects were dead—a mortality due, 

for the most part, to the severity of the preceding winter, during 

which temperatures of —24° F. were reached at various places in the 

state. Such extremes, however, are so rare in Illinois that the San 

Jose scale ordinarily suffers little from such causes. 

Several lady-beetles and their larvee feed on the San Jose scale; 

a number of hymenopterous insects parasitize it; and it is also attacked 

by fungous diseases. These natural enemies have controlled it very 

effectively in a few regions, but only where climatic conditions are 

favorable to their rapid and continuous multiplication, as in Florida and 

California. In Illinois, and in nearly all the interior states, the cli- 

mate is adverse for so much of the time that little assistance can be 

expected from these natural enemies. 
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In some of the eastern states, however, hymenopterous parasites 

of the San Jose scale have been notably more abundant during the last 

two or three years than formerly, and in some localities the percentage 
of parasitism has been very high. (See Pl. IV.) Apparently 

however, this high percentage has not remained permanent. In some 

localities, at least, where parasites were very abundant for one year, 

scarcely any could be found the next, tho the scale itself continued to 
be destructively numerous. We may confidently expect, however, that 

as the number of species of parasites which attack it increases, and as 

they become better adapted to it as a host, they will prove more and 

more effective; and they may indeed come to control it in time as 

thoroly as they now control our native species. 
To learn whether the eastern parasites of the scale are present 

in Illinois, twigs bearing it were collected in the fall of 1913 from 
thirty localities in central and southern Illinois, and kept in breeding- 

cages. From about half of them no parasites were secured; from the 

other half a small number were obtained, all of one species (Aphelinus 

fuscipennis). 
This is one of the species found in the East, but it is not the most 

abundant there; and an attempt has been made this season to introduce 

parasites from the eastern states into Illinois. This has been at least 
partially successful, but only enough scales thus parasitized have been 

found to show that the transfer was actually made. 
From San Jose scales collected in northern Illinois last fall (1914), 

large numbers of parasites emerged, examples of which were identified 

by Dr. L. O. Howard as belonging to the following species: Perissop- 

terus pulchellus How., Aphelinus diaspidis How., Micropterys sp., 

Signiphora nigrita Ashm., Prospaltella aurantii How., and Prospaltella 
perniciost Tower. This list includes all the more important species 

found in the East. The first three were not plentiful enough to be im- 
portant, but the last three were abundant, and may be of practical 
use if we can secure a more uniform distribution of them thruout the 

state. For the present, however, spraying is our only means of defense. 

Preventive Measures——To prevent the dissemination of the San 
Jose scale by way of the nursery trade, all states now require an inspec- 

tion of nursery stock, and prohibit the shipment of such stock unless 

accompanied by an inspection certificate. All Illinois nurseries are 
inspected each year; and those which are at all likely to be infested 
by the San Jose scale are inspected at least twice annually. All nursery 

stock found infested in them is immediately destroyed, and all stock 
which, on account of its proximity to infested trees and shrubs, is at 
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all likely to be infested at the time, or to become infested before the 

end of the nursery season, is fumigated with hydrocyanic acid gas 

before it is sent out from the nursery. By these precautions the dan- 
ger of distributing the scale on nursery stock is reduced to a mini- 
mum, but they nevertheless do not afford complete protection because 
the scale is so inconspicuous that the most careful inspector will some- 
times overlook it. The buyer should consequently inspect carefully all 

trees and shrubs purchased, and, as an additional safeguard, should 

either fumigate them with hydrocyanic acid gas or dip them in, or spray 
them with, a solution of lime and sulphur—to be described later— 

before setting them out. 

In parts of the country where the San Jose scale is prevalent, 
nursery grounds should be placed half a mile or more from orchards 

or other trees which may harbor the scale. Even a quarter of a mile 

will afford much protection, if not absolute security to the nursery 

stock, especially if near-by orchards are properly treated annually. 

The common practice of growing nursery trees on vacant city lots or 
close to infested orchards should be discontinued. Whenever trees, 

shrubs, or hedges in or near growing nursery stock are found to be 
infested with the San Jose scale they should be at once removed. 

This insect is very often brought into nurseries on scions taken 
from infested trees; and these should not be used if it can be avoided. 

If used, they should be very carefully inspected, the infested sticks 

should be discarded, and all the rest fumigated; and as a further pre- 

caution, the stock should be thoroly sprayed in spring while still dor- 

mant. 

To guard against an introduction of the scale from infested nur- 
series, nurserymen should be very careful to buy only from firms which 

have the reputation of handling clean stock; and as an extra precau- 

tion stock bought elsewhere should be fumigated, unless the buyer is 

sure that it is clean. 
To avoid trouble with the San Jose scale in cities and towns, only 

trees and shrubs that are not subject to its attack should be chosen 

for lawns and parks. A yard or park containing only trees and shrubs 

of the second and third lists given above will seldom, if ever, suffer 

any serious injury from the San Jose scale. 

Artificial Means of Control—The most effective way to destroy 

the scale is to grub out the tree or shrub which it infests or to cut it off 

three or four inches below the surface of the ground. If the infested 

plant is not cut off low enough, some scales will probably be left on the 

stump, and from these, shoots which grow up around the stump will 

become infested. 
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If the scale is discovered in any locality before it has spread to any 

considerable extent, it can usually be eradicated by grubbing out ail 

trees found to be infested, and by spraying thoroly all others in the 

vicinity; but if it has had time to spread to a number of trees, its 

eradication will in many cases be impracticable. Even then, however, 
it may be controlled by spraying annually with one of the solutions 

described below. 
Spraying for this scale should be done when the trees are dormant, 

for solutions strong enough to kill the insect after it has formed its 
protecting scale will seriously injure the foliage and the tender growth 

of many trees. Spring treatment is most effective; fall treatment is 

only slightly less so; but midwinter spraying should be avoided, and 
spraying operations suspended whenever the temperature in the shade 

approaches freezing. When the leaf-buds swell and begin to show 

plainly the green within, the season is over for spraying and it should 

generally be stopped. If, however, the infestation is bad, and injury 
by the scale threatens to be serious, it may be advisable to spray even 

at the risk of some injury to foliage. 

Summer spraying for the San Jose scale is not practicable so far 

as destroying the scale that is already on the tree is concerned; for, 

owing to the weakness of the spray that must be used, only the very 

young insects can be killed at best, and since these are appearing con- 
tinually thruout the season, spraying, to be effective, would have to 

be repeated every two or three days. Summer spraying, however, with 

the lime-sulphur is no doubt of much value, since its presence on the 

bark prevents newly hatched young from setting. 

Tue Lime-SuLPpHUR WasHu 

The “California wash,” of lime, sulphur, and salt, and the “Oregon 

wash,” of fime, sulphur, and blue vitrol, were used successfully against 

the San Jose scale on the Pacific coast for several years before they 

came into use in the central and eastern states. They had been tried 

in the Atlantic States, but with so little promise of success that their 

use was almost abandoned until in 1902 it was demonstrated by Mr. 

E. S. G. Titus, working under the direction of Dr. Forbes, that the 

lime-sulphur washes were even more effective than the other washes 

in general use. Since then, the results obtained by Dr. Forbes have 

been verified by workers in all the states, and the lime-sulphur wash is 

now the standard insecticide for the San Jose scale. The formula has 

undergone some change, however, neither the salt nor the blue vitriol 

being now used. 
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A lime-sulphur solution of the proper strength will kill all scales 
with which it comes in contact, and it is also a useful fungicide. It 
may be purchased ready-made, or one may prepare it himself by simply 
boiling the ingredients together until they are dissolved. It is applied 
with an ordinary spray pump such as is commonly used in orchard 
work. These facts bring the San Jose scale within the control of the 
owner of infested premises, and make it, in fact, one of the most 

easily managed of the serious insect pests of horticulture. 

Directions for Making—The mixture may be boiled either over 
a fire or with a steam cooker. For boiling over a fire, two iron kettles 

are necessary, one with a capacity of at least fifty gallons for making 

the solution, and another, which may be smaller, for keeping a supply 

of warm water at hand. Cold water is also needed when the mixture 

threatens to boil over. If a steam’ cooker is available, the solution may 

be made in a fifty-gallon barrel. Smaller vessels may be used for 

preparing smaller quantities of the solution. 
To make forty gallons of a concentrated solution, provide thirty 

pounds of the best stone-lime procurable,* sixty pounds of either flour 
or flowers of sulphur}, and water enough to make forty gallons when 

boiling is finished. First mix the sulphur with water to make a thick 

batter, beating well to break up all lumps. If the sulphur 1s lumpy 

when dry, it should first be rubbed thru a wire sieve. Put about ten 
gallons of warm water in the cooking vessel, start the fire under it, 

and add the sulphur and the lime. Stir constantly, adding warm water, 

if necessary, as the lime slakes, to keep it from burning. After the 

lime is completely slaked add enough water to make forty gallons, 

and boil gently, keeping it well stirred, from forty to sixty minutes, 
or until the lime and sulphur are practically all dissolved. Add a little 

warm water occasionally, to keep the amount up to forty gallons. 

To make the wash on a large scale, more elaborate equipment will be 

needed, but the process to be followed will be the same. 

After the boiling is done, the solution may be used at once, or it 

may be kept indefinitely in air-tight barrels. It should not be stored 

where it will freeze. 
For spraying dormant trees, use one gallon of the above solution 

to four gallons of water. Stir the solution thoroly, and pour it into 

+Many use finely ground brimstone. It is cheaper than either the flour or 

the flowers of sulphur, but does not enter into solution quite so readily. 

*lorty pounds of steam hydrated lime may be substituted for thirty 

pounds of stone-lime. 
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the spray-tank or barrel thru a strainer, to take out particles that would 
clog the nozzles. 

Commercial Solutions——Solutions of lime-sulphur, which may be 

purchased from retail dealers or from the manufacturers ready for use 
after dilution with eight parts of water, may be substituted for the 
home-made preparation described above. 

The commercial solutions cost about seven dollars a barrel. A 

barrel contains about fifty gallons and when diluted will make four 

hundred and fifty gallons of spray, making the cost about one and a 

half cents per gallon. The concentrated solution is also put up in smal- 
ler packages at somewhat higher cost; in gallon lots at fifty cents a 
gallon: The materials for the home-made solution, when bought at 

wholesale, cost about one cent a gallon for the dilute spray ready to 
apply. 

Tue MiscrsBLeE OILs 

The so-called miscible oils are made of crude petroleum so treated 
as to remove some of the deleterious products and to cause it to mix 

readily with water. They are very effective scale-destroyers; some- 

times, on account of their better penetrating qualities, a little more 

effective than the lime-sulphur on trees that are heavily incrusted 

with the scale. They have the further advantage that they are less 

disagreeable to handle than the lime-sulphur solution. They are more 
expensive, however, and if applied too freely, may cause serious injury 

to the tree. They may be purchased in fifty-gallon-barrel lots, freight 
prepaid, at $25 a barrel. In smaller lots they may come a little higher. 
They should be diluted with fifteen parts of water. One barrel will 

thus make eight hundred gallons of spray, costing about three cents a 

gallon. They are applied the same way as the lime-sulphur. 

APPARATUS AND EQUIPMENT 

When the lime-sulphur wash is cooked by steam, no kettles are 

necessary, as the cooking of the mixture may be done in fifty-gallon 

barrels, or in tanks if large quantities are to be made. Portable steam- 

cookers are now made for such purposes. Those used for cooking 

stock-food will serve to cook the sulphur wash. Steam cookers are 
not essential, however, and for ordinary orchard work the kettle and 

the open fire are just as good, altho less convenient. 

The solution should be strained as it is poured into the spray- 
tank. Strainers are made for the purpose from brass, to prevent cor- 

rosion by the liquid. If such a strainer is not at hand, burlap may be 

used instead. 
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Either bucket or knapsack pumps may be sufficient where only a 
few small trees or shrubs are to be sprayed. For very extensive or- 
chard treatment, however, power-sprayer outfits are necessary; but the 
small fruit-grower may best use a good hand-power pump, fitted 
securely to a barrel or tank. For the lime-sulphur washes these pumps 
should have no copper about them, but the working parts should be 
made of brass, and should be easily accessible and easily replaced if 
broken. All valves must be of brass, and ground to fit perfectly. Each 
pump should have an agitator with both vertical and horizontal move- 
ment. Jet agitators are not satisfactory with any kind of hand-power 
pumps. Have each pump fitted with a cut-off cock for each line of 
hose used. Twenty-five to thirty-five feet of best black four to five- 
ply half-inch hose are needed for a hand outfit, or seven-ply hose for 
a power outfit. Extension poles are necessary. Bamboo poles with iron 
or brass lining, eight to twelve feet long, fitted with good cut-off valves 
at their base, will be found the best. Nozzles of the double Vermorel 

or of the Friend type are very satisfactory with these sprays. The 
latter is the better of the two, since it has no projections to catch on 

the branches. A good hand-pump with fittings complete, as just de- 

scribed, will cost from $18 to $25, according to the size of the pump 

and the number of accessories. 

MISCELLANEOUS DIRECTIONS 

Very large trees, and those with brushy tops, should be pruned 
before spraying; and thickets of plum, peach, and the like, along 

fences and beside roads, should be cut out and destroyed. It is better 

that all infested Osage orange hedges be destroyed, as the scale breeds 

as freely on this plant as on any orchard tree, and it is difficult to 

spray such a hedge effectively. Trees so heavily infested as to be 

practically worthless should be dug up and burned, since it will not 

pay to spray them. Even tho the scale insects may be killed, their in- 

juries will usually be fatal to the trees. 
Any premises which have once been infested by the San Jose 

scale should be carefully examined from time to time, especially late 
in fall, no matter how thoroly and effectively they may have been 

treated ; and so long as living scales can be detected, the infested trees 

should receive an annual treatment, care being taken to extend the 

treatment far enough to include adjacent trees to which the insect may 

possibly have spread. 
Concerted action by all the people of an infested district is very 

important, since unless all act together an orchard virtually freed from 

the scale will gradually become reinfested from adjacent premises. 
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It is true that even under the most unfavorable circumstances each 

fruit-grower may protect his trees from injury by careful observation 

and methodical work, but by no amount of care and work can he pre- 
vent his fruit from being spotted by scales carried to it by birds and 

insects from near-by infested trees. 

Do not spray against paint. When trees to be sprayed stand near 
painted buildings, these should be protected by a canvas while spraying 

is being done. It is well to blanket horses used in the spraying opera- 
tions, when a lime-sulphur solution is used. Persons preparing or ap- 

plying the lime-sulphur spray should avoid getting it on the bare hands 
or face, as it is very caustic. Leaky hose should be repaired at once. 
See that all barrels and all apparatus are thoroly cleaned before using 

the mixture in them, otherwise the nozzles are likely to clog. Thoroly 

clean kettles, hose, barrels, pumps, nozzles, and all spraying apparatus 

when the work is over for the season. 

Thoroly coat the trees, being careful to cover the smaller twigs 

and branches and to get the mixture in all the forks and crevices. Spray 
every part of each tree from two sides. If a heavy rain follows soon 
after spraying, the treatment should be repeated. 



PLATE I 

Fie. 1. Plum bark incrusted with San Jose Seale, enlarged eight diameters 
to show the individual seales, 

Fic. 2. San Jose Seale on peach. X 8. 
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Tig. 1. San Jose Seale incrusting apple bark. X 8. 

Tic. 2. San Jose Seale on peach, showing mature female scales and young 

in different stages. xX 8. 

Fic. 3. San Jose Scale on peach. The large circular scales are females; 
the smaller, elongated scales are males; and the small circular scales are young in 

different stages of growth. X &. 



PLATE III 

Fig. 1. Pear infested with San Jose Seale. (Kansas State 
Entomological Commission. ) 
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Fig. 2. “A part of the pear (Fig. 1) enlarged to show the individual 
scales. (Kansas State Entomological Commission. ) 
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-arasitized San Jose scales showing the characteristic holes 
in the scales through which the adult parasites eseaped. X &. 



PIN DRX 

A 

Ailanthus apparently exempt from at- 
tack by San Jose Scale, 97. 

Almond, Flowering, subject to serious 
injury by San Jose Seale, 97. 

Althea rarely injured seriously-by San 
Jose Seale, 97. 

Anise oil to repel Corn-field Ant, 3. 
Ant, Corn-field. See Corn-field Ant. 
Aphelinus fuscipennis as parasite of 

San Jose Scale, 100. 
Apple subject to serious injury by 

San Jose Seale, 97. 
Apples, development and multiplica- 

tion of San Jose Scale on, 63-64, 79. 
Asafetida, tincture of, applied to seed- 

corn, 45, 61. 
to repel Corn-field Ant, 3. 

Ash rarely seriously injured by San 
Jose Seale, 97. 

Aspidiotus perniciosus. See San Jose 
Seale. 

aurantii, Prospaltella, 100. 

B 

Barberry apparently exempt from at- 
tack by San Jose Scale, 97. 

Beech, European purple-leaved, sub- 
ject te serious injury by San Jose 
Seale, 97. 

Birch, seldom seriously injured by 
San Jose Seale, 97. 

Birds as carriers of San Jose Scale, 
98, 106. 

Bittersweet apparently exempt from 
attack by San Jose Scale, 97. 

Blackberry, rarely seriously injured 
by San Jose Seale, 97. 

Buckthorn subject to serious injury 
by San Jose Seale, 97. 

Butternut apparently exempt from at- 
tack by San Jose Scale, 97. 

Button-bush apparently exempt from 
San Jose Seale attack, 97. 

Buttonwood exempt as above, 97. 

Cc 

California Privet seldom seriously in- 
jured by San Jose Scale, 97. 

Carbolie acid, results of treating seed- 
corn with, 5, 17, 19, 43. 

Catalpa seldom seriously injured by 
San Jose Seale, 97. 

Cherry, Sour, rarely seriously dam- 
aged by San Jose Seale, 97. 

Sweet, subject to serious injury 
by San Jose Seale, 97. 

Chestnut rarely seriously damaged by 
San Jose Seale, 97. 

Citronella oil, results of treating seed- 
corn with, 17, 19. 

Coffee-tree, Kentucky, apparently ex- 
empt from San Jose Scale attack, 
ie 

Corn-field Ant and Corn Root-aphis, 
2,3, Wi dS Io eyes 

laboratory experiments with re- 
pellents for, 21-41. See under 
Repellents. 

nocturnal movements and migra- 
tions of, 53, 55, 62. 

repellents for, in field, 3. 
substances variously, or not at all, 

repellent to, 23, 41. 
Corn, injury to seed-, by various re- 

pellents, 4, 5. 
maximum period for continuing 

land in, where Corn Root-worm is 
destructive, 84. 

Root-aphis and the control of its 
injuries, recent Illinois work on, 
1-62. 

key to control of, 1-4. 
number of generations of, 2. 
result of experiments with repel- 

lents against, 5-6. See also un- 
der Repellents. 

Root-louse. See Corn Root-aphis. 
Root-worm, Northern, life history 

and habits of the, 80-86. See un- 
der Northern Corn Root-worm. 

Crab-apple, Wild, susceptible to San 
Jose Seale infestation, 98. 

Currant subject to serious injury by 
San Jose Seale, 97. 

D 

Deutzia rarely seriously injured by 
San Jose Seale, 97. 

Dewberry rarely injured as above, 97. 



Diabrotica longicornis, 80-86. 
diagram of life history of, 83. 
eggs of, 80, 81, 82, 83. 

place of deposit, 85. 
See also under Northern Corn 

Root-worm. 
Diseases, fungous, as natural check 

upon San Jose Scale, 99. 
Dogwood subject to serious injury by 

San Jose Seale, 97. 
Dogwoods, native, 98. 

E 

Elm, young, subject to serious dam- 
age by San Jose Scale, 97. 

English Ivy apparently exempt from 
San Jose Seale attack, 97. 

Evergreens exempt as above, 97. 

12 

Fertilizers as carriers of repellents, 
44-48, 

which were found useless as re- 
pellents, 41. 

Filbert apparently exempt from San 
Jose Scale attack, 97. 

Flowering Almond subject to serious 
injury by San Jose Seale, 97. 

Formalin, effect of treatment of seed- 
corn with, 5, 43. 

fuseipennis, Aphelinus, 100. 

G 

Globeflower rarely seriously injured 
by San Jose Seale, 97. 

Goldflower apparently exempt from 
attack by San Jose Scale, 97. 

Grape rarely seriously injured by San 
Jose Seale, 97. 

Gum, Sweet, apparently exempt from 
San Jose Scale attack, 97. 

H 

Hazelnut apparently exempt from San 
Jose Seale attack, 97. 

Hawthorn subject to serious injury by 
San Jose Scale, 97. 

Hickory apparently exempt from at- 
tack by San Jose Scale, 97. 

Honeysuckle rarely seriously injured 
by San Jose Seale, 97. 

Horse-chestnut rarely injured as above, 
ile 

Huckleberry apparently exempt from 
San Jose Seale attack, 97. 

Hydrangea exempt as above, 97. 
Hydroecyanie acid gas for San Jose 

Seale, 101. 

vi 
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I 

Insects as carriers of San Jose Seale, 
98, 106. 

predaceous and parasitic, 99. 
Ironwood apparently exempt from 

serious injury by San Jose Seale, 
9o7. 

Ivy, English, exempt as above, 97. 

J 

Japan Quince subject to serious in- 
jury by San Jose Seale, 97. 

June-berry subject to injury as above, 
Nhe 

K 

Kentucky Coffee-tree apparently ex- 
empt from attack by San Jose 
Scale, 97. 

Kerosene and other oils, effect of 
treating seed-corn with, 4, 5, 7, 
18, 43. 

emulsion, effect of treating seed- 
corn with, 43. 

to repel Corn-field Ant, 3. 

L 

Lady beetles and larve as enemies 
of San Jose Scale, 99. 

Lemon oil, adulteration of, 12. 
and alcohol, insectary tests of dif- 

ferent samples of, 15. 
effect of treating seed-corn 

with, 5, 7, 8-19. 
and wood alcohol, effect of treat- 

ing seed-corn with, 20. 
effect of treating seed-corn with, 

Dy ty tsl=llyf. 
and terpenes, tests of, 12. 
terpenless lemon-oil, and pure ter- 

penes, comparative effects of, 
on plot-plantings of corn, 13- 
15. 

to repel Corn-field Ant, 3. 
Lilae subject to serious injury by San 

Jose Seale, 97. 
Lime-sulphur wash, 101, 102-103. 

apparatus and equipment for 
making and applying, 104-106. 

care to be taken in use of, 106. 
commercial solutions of—cost, 

ete., 104. 
cost of home-made solution of, 

104, 
directions for making, 103. 
manner of spraying with, 106. 

Linden subject to serious injury by 
San Jose Seale, 97. 



Locust rarely seriously injured by San 
Jose Seale, 97. 

longicornis, Diabrotica, 80. 

M 

Mahonia apparently exempt from at- 
tack by San Jose Scale, 97. 

Maple rarely seriously injured by San 
Jose Seale, 97. 

Matrimony-vine apparently exempt 
from San Jose Seale attack, 97. 

Micropteryx sp. as parasite of San 
Jose Scale, 100. 

Mock-orange apparently exempt from 
attack by San Jose Seale, 97. 

Mountain-ash subject to serious injury 
by San Jose Seale, 97. 

Mulberry rarely seriously injured by 
San Jose Seale, 97. 

N 

nigrita, Signiphora, 100. 
Northern Corn Root-worm, effect of 

rotation of crops on injury 
by, 83-86. 

life history and habits of the, 
80-86. 

breeding-experiments with, 80. 
roots of various plants exam- 

ined as to presence of, 85. 
See also under Diabrotica 

longicornis. 

Oo 

Oak apparently exempt from San Jose 
Seale attack, 97. 

Osage-orange hedges and the San Jose 
Seale, 89, 97, 98, 101, 105. 

12) 

Parasitic and predaceous insects as 
check upon San Jose Scale, 99. 

Hymenoptera, 99, 100. 
Papaw apparently exempt from attack 

by San Jose Scale, 97. 
Peach subject to serious injury by 

San Jose Seale, 97. 
Peaches infested by San Jose Scale, 

90. 
Pear, Kieffer, rarely seriously injured 

by San Jose Scale, 97. 
Pear subject to serious injury by San 

Jose Seale, 97. 
Perissopterus pulchellus as parasite of 

San Jose Seale, 100. 
perniciosi, Prospaltella, 100. 
perniciosus, Aspidiotus, 87. 

vii 

Persimmon rarely seriously injured by 
San Jose Seale, 97. 

Pigeon-grass as food plant of Corn 
Root-aphis, 1. 

Plowing, deep, and repeated deep 
diskings to destroy Corn Root- 
aphis, 49, 53, 57, 61. 

early spring, for destruction of 
Corn Root-aphis and Corn field 
Ant, 3. 

fall and spring, compared as means 
of reducing Corn Root-aphis and 
attendant ant, 57-58, 62. 

Plum subject to serious injury by San 
Jose Seale, 97. 

Poplar, young, subject to injury as 
above, 97. 

Privet, California, rarely seriously in- 
jured by San Jose Seale, 97. 

Prospaltella aurantii as parasite of 
San Jose Scale, 100. 

perniciosi, 100. 
| pulchellus, Perissopterus, 100. 

Q 

Quince, Japan, subject to serious in- 
jury by San Jose Scale, 97. 

R 

| Raspberry rarely seriously injured by 
San Jose Seale, 97. 

Redbud apparently exempt from at- 
tack by San Jose Seale, 97. 

Remedies and preventives for insect 
depredations : 

anise oil, 3. 
asafetida, tincture of, 3. 

and bone meal, 45. 
earbolic acid, 5, 17, 19, 41, 43. 
citronella oil and alcohol, 17, 18-19. 
clean farming, 3, 4. 
cultivation methods, 49-53. 
disking and subsequent rolling, 55. 
formalin, 5, 41, 48. 
kerosene, 3, 4, 5, 7, 17, 18, 41, 43. 

emulsion, 41. 
lemon oil, 3, 5, 7, 8-17, 18, 19, 21, 

41 
and alcohol, 17, 18-19. 
and wood alcohol, 20. 

plowing, deep, and repeated deep 
diskings, 49, 53, 57, 61. 

early spring, 3. 

repellents. See under Repellents. 
rotation of crops, 4, 48. 

and cultivation methods, 48- 

49, 
with fall plowing, 58-60, 

sassafras oil, 3, 



Remedies and preventives—Continued. 
sealecide, 41. 
tansy oil, 3. 

and bone meal, 45. 
turpentine, 17, 18-19. 

Repellents combined with fertilizers 
as measure against Corn Root- 
aphis and attendant ant, 44-48, 
60. , 

contributing cause of injury to seed- 
corn by, 16. 

effect of a wet planting-time on ac- 
tion of, 7-21, 61. 

effects of, on Corn-field Ant— 
laboratory experiments, 21-41, 61. 

fertilizers found useless as, 41. 
field experiments with, 17-21, 41-44. 
used in laboratory experiments with 

Corn-field Ant: 
anise oil, 23, 34. 
apterite, 23, 38. 
asafetida, tincture of, 23, 33. 
calcium carbide, 41. 
capsicum, 41. 
earbon bisulfid, 40. 
chlorid of lime, 41. 
coal-tar, 23, 38. 
formie acid, 36. 
gum camphor, 23, 34. 

in solution, 35. 
iron sulfate, 41. 
kerosene, 23, 24. 
oil of lemon, 23, 25, 26, 27, 29. 

and bone meal, 30. 
and wood ashes, 31. 
emulsicn, 28. 

pyrethrum powder, 41. 
tansy oil, 23, 32, 33. 

tea, 33. 
tobacco, 41. 
vaporite, 39. 
vermicide, 39. 

Root-lice, clover, infesting roots of 
Corn, 4. 

grass, infesting roots of Corn, 4. 
Rose subject to serious injury by 

San Jose Seale, 97. 
Rotation of crops and _ cultivation 

methods as protective meas- 
ure against Corn Root-aphis, 
48-49, j 

to protect from 
aphis, 4. 

with fall plowing to afford 
above protection, 58-60. 

Corn Root- 

Ss 

San Jose Seale, 87-106. 
California and Oregon washes 

for, 102, 

San Jose Scale—Continued. 
classification of products of, as to 

stages of development, 95. 
climatic conditions as affecting, 

99: 
dangerous character of, 90. 
data as to percentage of females 

and males of, 94, 97. 
data of discovery in Illinois, 

early local distribution, and 
progress of infestation, 88-89. 

destruction of nursery stock in- 
fested by, 100. 

difference in effect between fall 
and spring spraying for, 73. 
79: 

effectiveness of one or two spray- 
ings a year for, 79. 

food plants of, 97-98. 
fumigation of nursery stock as 

protective measure against, 
101. 

general summary as to mortality 
of, during breeding experi- 
ment, 96. 

as to stages of, 95. 
grading of trees as to infestation 

by, 695,71. 
hibernating stage of, 91. 
home-made and ready-made solu- 

tions for, 79. 
importance of early spraying for, 

73. 
in forests, 98. 
insecticides tested, and equipment 

used in applying, 70-71. 
inspection of nurseries for, 100. 
life history and appearance of, 

90-97. 
in Illinois, with data of 

breeding-cage experiments, 
64-68. 

lime-sulphur wash for, 101, 102- 
103. See also under Lime-sul- 
phur. 

means of control of: 
artificial checks, 101. 
natural checks, 99. 
preventive measures, 100. 

means of distribution of, 98. 
miscellaneous directions for con- 

trol of, 105. 
miscible oils for, 79, 104. 
most effective way to 

101-102, 105. 
number of descendants during re- 

producing season of, 94. 
number of generations of, and 

times of appearance and ma- 
turing, 94, 

destroy, 



San Jose Scale—Continued. 
observations and experiments on 

the, 63-79, 
on fruits, 63, 79, 90. 
on nursery stock, 99. 
origin and distribution of, 87. 
parasites of, 99, 100. 
possible rate of multiplication of, 

64, 79. 
results of experimental spraying 

operations for, 71-74, 76-77, 77- 
a). 

safeguards against, in cities and 
towns, 101. 

against nursery infestation by, 
101. 

species liable to slight injury by, 
under certain conditions, 97. 

likely to be seriously injured 
lone Ot 

which seem to be exempt from 
attack by, 97. 

spraying for, and most effective 
time for it, 102. 

tests of orchard sprays for, 68-74. 
transition zone in insecticide ex- 

periments for, 74-76. 
Sassafras oil to repel Corn-field Ant, 

3. 
Sealecide, effect of treatment of seed- 

corn with, 43. 
Signiphora nigrita as parasite of San 

Jose Seale, 100. 
Smartweed as food plant of Corn 

Root-aphis, 1. 
Smoke-tree rarely 

Jose Seale, 97. 
Snowberry subject to serious injury 

by San Jose Scale, 97. 
Sour Cherry seldom seriously injured 

by San Jose Seale, 97. 
Spirea rarely seriously damaged by 

San Jose Scale, 97. 

injured by San 

Squirrels as carriers of San Jose 
Seale, 98. 

Sumae rarely seriously injured by San 
Jose Seale, 97. 

Sweet Cherry subject to serious injury 
by San Jose Seale, 97. 

Gum apparently exempt from at- 
tack by San Jose Scale, 97. 

-scented Shrub exempt as above, 97. 

Abs 

Tansy oil and bone meal applied to 
seed-corn, 45. 

to repel Corn-field Ant, 3. 
Trumpet-vine apparently exempt from 

attack by San Jose Seale, 97. 
Tulip exempt as above, 97. 
Turpentine, effect of treating seed- 

corn with, 17, 19. 

wee 

Virginia Creeper rarely seriously in- 
jured by San Jose Seale, 97. 

Ww 

Walnut seldom seriously damaged by 
San Jose Scale, 97. 

Weeds as food of Corn Root-aphis, 1. 
Weigela apparently exempt from at- 

tack by San Jose Seale, 97. 
Willow subject to serious injury by 

San Jose Seale, 97. 
Wisteria rarely seriously injured by 

San Jose Seale, 97. 
Witch-hazel apparently exempt from 

San Jose Seale, 97. 

xe 

Yellowwood apparently exempt from 
attack by San Jose Scale, 97. 











CT VT 
3 9088 01271 


